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PREFACE 


On  completion  of  this  second  volume  of  the  Journal  of  the  Asiatic 
Society,  the  Editor  feels  it  to  be  due  to  his  subscribers,  as  well  as  to 
himself,  to  lay  before  them  as  briefly  as  possible,  the  results  of  the  ar- 
rangements which  he  contemplated  carrying  into  effect  at  the  conclusion 
of  the  last  volume ; — more  especially  as  a somewhat  erroneous  estimate 
of  the  cost  and  circulation  of  the  Journal  found  admission  into  a late 
notice  of  the  Indian  Periodical  Press,  drawn  up  by  the  Editor  of  one 
of  the  morning  papers.  The  Journal  is  not  published,  as  there 
stated,  by  the  Asiatic  Society,  but  solely  at  the  cost  and  responsibility 
of  the  Secretary,  who  was  Editor  of  it  before  he  enjoyed  the  honour  of 
an  election  to  that  office.  Since  there  never  has  been  the  least  view  to 
profit,  either  in  the  Gleanings  or  in  the  present  work,  there  can  be  no 
object  whatever  in  concealing  any  information  respecting  its  publica- 
tion ; and  it  may  be  useful  hereafter  to  find  on  record  a note  of  the  ex- 
pences  of  printing,  and  the  difficulties  against  which  a Journal  exclu- 
sively scientific  has  had  to  contend,  as  well  as  the  advantages  which  it 
has  enjoyed,  in  India  at  the  present  time.  The  following  particulars 
have  therefore  been  extracted  from  the  accounts  of  the  two  years  now 
terminated. 

The  amount  of  subscriptions  to  the  Journal  at  one  rupee  per  number, 

including  two  extra  numbers,  in  1832,  was Rs.  5148  8 

From  this,  deducting  20  per  cent,  commission  paid  to 
Messrs.  Thacker  and  Co.  for  circulating  it, 1028  11 

There  remained  net  subscriptions  available,  Rs.  4114  13 

The  Baptist  Mission  Press  charged  for  printing  and 
stitching  500  copies,  Rs.  3742  10 

And  the  15  plates  cost  with  printing,  416  5 


Total 


4178  5 
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The  result  of  the  first  year  exhibits  a sufficient  accordance  between 
outlay  and  return.  Of  the  amount  subscribed  however,  only  Rs.  3786 
13  have  been  collected  up  to  the  present  time,  so  that  in  fact  there 
was  a deficit  of  Rs.  392  2. 

The  alterations  which  the  Editor  proposed  and  completed  for  the 
second  year  were  : — 

1 . The  saving  of  nearly  half  of  the  commission  paid  for  the  mere 
circulation  of  the  work  (without  responsibility),  by  undertaking  that 
duty  with  the  aid  of  his  establishment  as  Secretary  of  the  Asiatic  So- 
ciety ; 

2.  As  a return  for  this  favor,  he  proposed  circulating  the  Journal 
gratis  to  such  of  the  paying  members  as  should  express  a desire  to 
take  it  in. 

The  effect  of  this  scheme  has  been  as  follows  : 

Fifty  members  of  the  Society  have  availed  themselves  of  the  privi- 
lege, which  has  made  a deduction  to  the  same  amount  from  the 
monthly  receipts.  The  number  of  copies  circulated,  including  those 
sent  to  subscribers  and  societies  in  Europe,  is  about  450. 

The  number  of  paying  subscribers  on  the  list,  is  320,  which  at  1 R. 
per  month,  (including  one  extra  number  of  Buchanan,)  would  give 
Rs.  4480. 

The  expenses  of  printing  500  copies,  of  670  pages. 


at  4-5  per  page,  may  be  stated  at Rs.  2,890 

144  pages  of  Buchanan,  at  4-8  per  page, 648 

Covers,  table  work,  &c.  charged  extra, 250 

40  pages  of  Appendix,  at  5 Rs 200 

28  plates  (18  lithographs,  10  engravings*),....  480 

Establishment  for  circulation 600 

5,068 

Leaving  a loss  on  the  year  of  Rs.  588,  or  nearly  as  much  as  the  sub- 
scriptions of  the  members  exempted  from  paying. 


But  it  must  be  mentioned,  and  mentioned  with  a degree  of  disappoint- 
ment which  is  almost  disheartening,  that  of  the  flattering  list  of  sub- 


For  these  the  cost  of  printing  and  paper  only  is  charged. 
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scribers  above  given,  70  have  not  paid  any  part  of  the  year’s  subscrip- 
tion, and  as  many  more  are  still  in  arrears  ; so  that  a balance  of 
fts.  1321-8  still  remains  to  be  collected.  The  actual  state  of  the  concern 
is  therefore  by  no  means  so  favorable  as  could  be  wished,  for  it  leaves 
the  Editor  out  of  pocket  upwards  of  2000  Rs.  as  the  reward  of  his 
labour  for  two  years  ! B oq  inwill  not  for  a moment  suppose  that  the 
balances  outstanding  are  not  recoverable  : on  the  contrary  the  prin- 
cipal difficulty  lies  in  the  distance,  and  the  supposed  want  of  a mode 
of  remittance. — Many  subscribers  are  not  aware,  that  letters  containing 
hoondees  for  the  amount  may  be  transmitted  post  free  to  the  Editor. 

It  will  be  remembered,  that  the  Bengal  Government  were  pleased 
to  bestow  the  privilege  of  free  postage  on  the  Gleanings  and  on  the 
Journal,  on  condition  of  the  publication  of  the  late  Dr.  Buchanan’s 
Statistical  Reports.  Under  the  impression  (justly  formed)  of  a corres- 
ponding increase  of  circulation,  consequent  upon  this  liberal  boon,  it  was 
resolved  not  to  incorporate  these  records  in  detached  notices  in  the 
Journal,  nor  to  diminish  from  its  original  matter*,  but  to  publish  them 
as  a separate  work  ; and  one  volume  has  accordingly  been  completed, 
containing  356  pages,  which  at  4-8  per  page  have  cost  Rs.  1,602 

And  a reprint  of  the  first  108  pages,  which  became  ne- 
cessary on  the  subsequent  extension  of  the  edition  from 
300  to  500  copies,  216 

Total,  Rs.  1818 

This  expence  has  been  incurred  therefore  on  account  of  Government, 
in  return  for  the  postage  saved,  not  to  the  work,  but  to  the  sub- 
scribers of  the  Journal.  On  the  completion  of  the  first  volume 
of  Buchanan,  a second  extra  volume  of  an  official  nature  on  the 
Monetary  System  was  commenced,  of  which  50  pages  have  been  printed 
with  3 plates,  being  in  fact  an  expence  of  more  than  300  rupees  not 
included  in  the  above  estimate.  The  Government  meantime  placed  the 
remaining  volumes  of  Buchanan  in  the  Editor’s  hands,  with  an  intima- 
tion of  its  “desire  that  the  printing  of  these  records  should  be  conti- 
nued.” It  was  therefore  with  no  small  feeling  of  mortification  that 
* Originally  32  pages  only  were  given  in  each  number,  latterly  64. 
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the  Editor  perused  the  following  letter,  announcing  that  the  privilege 
of  free  postage  should  cease  from  June  next,  especially  after  having 
been  honored,  on  an  explanation  of  the  nature  of  the  work,  with  an 
extension  of  the  same  privilege  to  the  Madras  presidency,  in  addition 
to  that  formerly  bestowed  by  the  Governors  of  Bombay  and  Ceylon. 

To  JAMES  PRINSEP,  Esa. 

Genl.  Dept.  Editor  of  the  Journal  of  the  Asiatic  Society, 

Sir, 

I am  directed  to  inform  you,  that  the  Governor  General  in  Council  has  resolved, 
that  after  six  months  the  exemption  from  postage,  which  is  now  enjoyed  by  the 
Journal  of  the  Asiatic  Society,  shall  be  discontinued. 

I have  the  honor  to  be, 

Sir, 

Your  most  obedient  servant, 

Council  Chamber,  G.  A.  BUSHBY, 

2nd  Dec.  1833.  Offg.  Sec.  to  Govt. 

It  may  reasonably  be  feared  that  many  subscribers  at  distant  stations 
may  be  unable  to  contirfue  their  support  to  the  work,  when  its  cost 
shall  be  enhanced  by  postage  ; but  (should  it  be  impossible,  on  a pro- 
per and  respectful  representation  of  the  circumstances,  to  avert  the 
imposition  of  postage)  every  means  will  be  taken  of  lessening  the  burthen 
by  sending  the  monthly  numbers  by  the  bangy  instead  of  the  regular  dak. 

On  the  contents  of  a volume  which  has  already  been  perused  by 
nearly  all  to  whom  it  circulates,  it  would  have  been  obviously  need- 
less to  make  any  remark,  were  it  not  desirable  to  prove  that  the  favors 
hitherto  conferred  upon  the  work  by  the  Government  of  the  country 
had  not  been  altogether  misapplied. 

Independently  of  the  volume  of  Dinajpur  Statistics,  which  forms  a 
model  for  the  use  of  public  officers  engaged  in  collecting  similar  in- 
formation,-the  Gleanings  and  the  Journal  have  been  the  means  of 
bringing  to  notice  many  of  the  mineral  resources  of  our  vast  Indian 
Empire,  and  of  leading  to  fresh  discoveries  by  the  announcement  of  what 
had  already  been  found  : coal  maybe  adduced  as  an  example, — of  which 
twenty  or  more  different  localities  have  been  brought  to  our  knowledge 
through  its  pages,  where  only  two  were  before  known.  Of  the  native  mine- 
ral productions,  iron,  copper,  gold,  &c.  : — Of  the  native  arts  and  manu- 
factures, salt,  nitre,  turpentine,  dyes,  mills,  &c.  numerous  original  ac- 
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counts  have  been  inserted  : catalogues  of  woods,  medicinal  plants  and 
drugs  : experiments  on  materials,  wood,  iron,  cement  ; — Statistical 
reports; — descriptions  of  newly  explored  countries  and  people  : — in  fact, 
it  would  be  difficult  to  open  a number  of  the  Journal  without  finding 
some  information  which  must  possess  value  in  the  eyes  of  a govern- 
ment. Contributions  of  a more  exclusively  scientific  nature  have,  in 
the  mean  time,  continued  to  multiply,  and  the  objects  pointed  out  as 
desiderata  at  home  in  the  geography,  meteorology,  geology,  and 
natural  history  of  this  country,  are  in  the  course  of  rapid  and  syste- 
matic elucidation.  So  numerous  for  instance  have  been  the  registers 
of  the  weather  offered  for  publication,  that  space  could  only  be  found 
for  abstracts  of  many.  There  has  hardly  been  time  for  the  collection 
of  materials  regarding  the  tides  of  the  Indian  coasts,  suggested  in  the 
Rev.  Professor  Whewell’s  circular,  (inserted  in  page  151,)  but  the 
attention  of  those  who  have  opportunities  of  eliciting  the  information 
required,  is  again  solicited  to  this  object. 

As  aproof  of  the  benefit  conferred  on  science  by  the  free  and  extensive 
circulation  of  a periodical  devoted  to  such  objects,  the  Editor  feels  pride 
in  alluding  to  the  ardour  which  his  plates  of  ancient  coins  have  in- 
spired in  many  active  collectors,  and  above  all  to  the  reward  bestowed 
ou  himself  by  the  munificence  of  General  Ventura,  the  most  successful 
pursuer  of  antiquarian  research  in  the  Panjab,  who  has  presented  to 
him  all  the  coins  and  relics  discovered  on  opening  the  celebrated 
Tope  of  Manikyala.  They  are  now  on  their  way  to  Calcutta. 

That  extracts  and  analyses  of  European  science  have  not  been  more 
frequent  must  be  attributed  once  more  to  want  of  space  and  want 
of  leisure.  The  Editor  would  recommend  all  who  seek  for  knowledge 
of  the  progress  of  science  in  Europe  to  procure  a copy  of  the  Reports  of 
the  British  Association  for  1832,  in  which  they  will  find  every  branch 
discussed  by  the  philosopher  best  able  to  give  it  illustration.  To  at- 
tempt to  shorten  those  admirable  essays  would  be  mutilation  rather 
than  abridgment ; yet  unfortunately  most  of  them  are  too  long  for  the 
pages  of  a monthly  journal. 

On  the  subject  of  orthography  of  native  words,  the  Editor  is  driven 
to  make  one  concession,  for  which  he  fears  the  learned  Societies  at  home 
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■will  denounce  him  as  an  apostate  to  the  system  of  their  leader.  Every 
communication,  with  hardly  any  exception,  which  comes  for  publication, 
adopts  the  Gilchristian  mode  of  spelling,  or  that  modification  of  it  which 
has  been  ordered  to  he  used  in  all  Government  records,  surveys,  &c. 
An  attempt  has  been  made  hitherto  to  conform  the  whole  to  Sir 
William  Jones’  method,  but  necessarily  there  have  been  continual 
omissions,  and  the  contributors  in  most  cases  express  themselves  but 
ill  pleased  to  see  their  words  transformed  into  shapes  but  ill  accordant 
with  ordinary  English  pronunciation.  The  Editor  has  therefore  re- 
solved to  adopt  the  middle  course  followed  in  Hamilton’s  Hindustan, 
namely,  to  print  all  Indian  names  and  wrords  in  the  ordinary  roman  type 
as  they  are  usually  written  and  pronounced,  and  to  place  in  italics  all 
such  native  terms  and  proper  names,  as  are  corrected,  and  spelt  accord- 
ing to  the  classical  standard  of  Sir  William  Jones  : in  many  cases  the 
latter  may  he  inserted  in  brackets  after  the  ordinary  word. 

Where  contributors  have  occasion  to  illustrate  their  papers  by 
plates,  it  will  he  a great  convenience  to  the  Editor  to  have  the  origi- 
nal drawings  prepared  of  the  same  dimensions  as  the  printed  page 
of  letter  press,  to  save  the  trouble  and  expence  of  reducing  them. 

The  Editor  will  not  allude  in  this  place  to  the  severe  loss  he  has 
sustained  in  the  death  of  some  of  the  most  able  and  constant  suppor- 
ters of  his  work,  and  the  departure  to  Europe  of  others  in  the  course  of 
the  past  year ; since  he  hopes  that  a more  worthy  channel  will  be  found 
for  the  record  of  their  meritorious  labours  for  the  cause  of  Science  in 
Tndia,  in  the  Proceedings  of  the  Asiatic  Society,  to  which  their  names 
belong,  aud  in  which  their  reputation  must  ever  be  cherished  with  fond 
remembrance. 

1 st  January,  1834. 
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I. — An  Inquiry  into  the  Laws  governing  the  two  great  powers,  Attraction 
and  Repulsion,  as  operating  on  the  Aggregation  and  Combination  of 
Atoms.  By  Julius  Jeffreys,  Esq. 

Though  the  causes  of  the  three  states  of  matter,  as  they  are  called, 
that  is  to  say,  the  solid,  the  liquid,  and  the  aeriform,  together  with 
those  causes  by  which  the  union  of  the  different  kinds  of  matter  in 
compound  bodies  is  effected,  and  those  also  by  which  bodies  are  ex- 
panded, contracted,  or  preserved  of  the  same  magnitude  are  subjects  of 
great  curiosity  and  importance,  yet  they  belong  to  a branch  of  Che- 
mistry which  is  at  present  in  an  unadvanced  and  imperfect  state. 
Those  justly  celebrated  philosophers  who  have  done  honor  to  our  age 
by  their  discoveries  in  other  branches  have  not  yet  carried  their  ex- 
amination so  far  into  this  part  as  to  arrive  at  any  settled  opinions 
concerning  it,  and  not  unfrequently  in  the  same  author  doctrines  have 
been  advanced  which  are  irreconcilable  with  each  other. 

The  branch  of  natural  philosophy  to  which  the  present  inquiry 
is  devoted  having  continued,  with  little  advance,  since  it  was  written, 
in  the  year  1822,  the  doctrines  I have  endeavoured  to  establish,  and 
the  body  of  arguments  by  which  they  are  supported,  maintain  still 
whatever  of  novelty  or  importance  they  may  have  possessed.  As, 
however,  in  so  considerable  a period,  a few  of  the  arguments  may 
have  been  brought  forward  by  others,  though  not  perhaps  similarly 
applied,  I have  thought  it  proper  to  mark  by  including  brackets,  thus 
[ ],  such  parts  as  have  undergone  any  alteration  upon  a revision. 
The  body  of  the  work  remains  verbatim  as  when  first  written. 

Whether  by  directing  my  attention  to  this  part  of  Chemistry  I have 
been  enabled  to  suggest  any  such  modes  of  reasoning  as  may  be  applied 
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to  the  advantage  of  the  science,  it  would  be  presumption  in  me  to  pro- 
nounce an  opinion.  The  question  must  depend  upon  the  strength  of 
the  arguments  which  I use,  and  which  I now  submit  to  the  judgment 
of  the  philosophic  public. 

Part  I. — Of  Attraction. 

Attraction  is  usually  divided  into  two  kinds. 

The  first  of  them  Gravitation,  or  that  by  which  bodies  have  a ten- 
dency to  approach  each  other,  and  on  which  the  sciences  of  Mechanics 
and  Physical  Astronomy  depend.  The  second  Contiguous  Attrac- 
tion, or  Attraction  of  Atoms,  by  which  the  atoms  of  bodies  are  kept 
in  connection  with  each  other,  and  which  alone  it  is  my  province  at 
this  time  to  consider. 

Contiguous  Attraction,  by  a division  subordinate  to  the  former,  is 
usually  considered  as  comprehending  two  species.  Attraction  of  Aggre- 
gation, or  the  attraction  existing  between  homogeneous  atoms,  and 
Chemical  Attraction,  or  that  which  is  between  heterogeneous  atoms. 

This  distinction  has  arisen  from  a supposition,  that  similar  particles 
exert  an  attraction  towards  each  other  which  obeys  laws  different 
from  those  of  the  attraction  between  dissimilar  particles.  That  such 
is  an  unnecessary  distinction  might  be  inferred,  were  there  no  other, 
from  this  consideration,  that  when  one  solid  combines  with  another  to 
form  a compound  solid,  it  is  not  possible  to  make  a distinction  between 
the  attraction  uniting  its  compound  particles  and  the  affinity  by  which 
the  constituents  are  united.  Thus  in  sulphuret  of  iron  the  cohesion 
of  the  iron  and  the  sulphur  is  overcome  by  their  mutual  atti  action 
which  forms  them  into  compound  particles,  and  these  again  cohere  in 
a new  solid  differing  entirely  from  either  of  the  former.  The  attrac- 
tion which  keeps  the  particles  of  the  sulphuret  in  a state  of  aggrega- 
tion cannot  be  distinguished  from  that  which  brought  their  elements 
together  ; for  it  favors  the  union  of  the  elements,  and  aids  in  prevent- 
ing their  separation. 

With  reference  to  this  and  other  differing  opinions  relative  to 
contiguous  attraction,  I propose  to  begin  this  Essay  by  a somewhat 
minute  examination  of  it  under  the  following  heads.  1st.  By  inquiring 
into  the  distance  at  which  it  operates  ; whether  it  is  confined  to  near 
particles  only,  or  extends  to  more  remote  ones.  2ndly.  By  inquiring 
how  far  the  attraction  of  atoms  is  general ; that  is,  whether  all  atoms 
in  nature  attract,  and  are  attracted  by  all,  or  whether  attraction  be- 
tween atoms  (chemical  and  cohesive)  is  confined  to  a limited  number. 
3rdly.  By  inquiring  into  the  effect  of  mass  on  contiguous  attraction ; 
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that  is,  how  far  the  attraction  between  atoms  (chemical  and  cohe- 
sive) is  increased  towards  any  given  atom  by  the  mass. 

4thly.  In  what  ratio  of  the  distance  the  force  of  attraction  of  atoms 
varies ; which  will  lead  me  to  confirm  by  arguments  the  opinion  that 
gravitation  and  contiguous  attraction  are  the  same  property  of  mat- 
ter, differing  only  in  the  circumstances  under  which  it  is  presented  to 
our  observation. 

lsJ.  Of  the  distance  at  which  attraction  of  atoms  operates. 

From  the  effects  of  cohesive  attraction  being  in  most  cases  evident 
only  at  very  small  distances,  and  from  the  particles  of  bodies  in  the 
aerial  state  actually  appearing  to  repel  each  other,  it  has  been  gene- 
rally inferred  that  this  force  is  exerted  only  at  very  limited  distances  ; 
and  hence  its  name,  contiguous  attraction. 

Although  the  effects  of  cohesive  attraction  may  be  apparent  only 
at  very  small  distances,  yet  it  is  scarcely  correct  to  infer  that  this  force 
is  exerted  only  at  such  distances  until  due  attention  has  been  paid  to 
the  causes,  which,  by  affecting  the  phenomena,  may  create  deception 
upon  the  mind.  These  appear  to  me  of  two  kinds, — the  minuteness 
of  attracting  atoms,  and  all  causes  which  operate  against  the  attrac- 
tion of  atoms. 

On  the  magnitude  of  atoms  must  in  a great  measure  depend  the 
greatest  distance  at  which  the  force  of  their  attraction  is  sufficiently 
powerful  to  be  apparent. 

If  it  be  admitted  that  the  force  of  this  attraction  decreases  in  as 
great  a ratio  of  the  distance  as  that  of  gravitation,  then,  since  atoms  are 
so  small  as  not  to  be  perceptible  to  our  senses,  it  will  follow  that  how- 
ever strong  their  attraction  may  be  when  almost  contiguous  to  each 
other,  it  will  not  be  apparent  at  any  mensurable  distance,  though  in 
fact,  it  may  be  exerted  in  some  degree  at  unlimited  distances  ; for  if 
two  attracting  particles  of  matter  were  sufficiently  increased  in  magni- 
tude without  altering  at  all  the  laws  of  their  attraction,  this  force 
might  be  evident  at  any  distance  however  great,  unless  it  be  supposed 
(which  would  indeed  be  very  unphilosophical)  that  attraction  ceases  at 
some  certain  distance  suddenly  and  abruptly. 

The  other  causes  which  may  create  deception  as  to  the  distance  at 
which  this  attraction  is  exerted,  are  all  powers  which  oppose  its  force. 
From  the  attraction  of  particles  being  constantly  opposed  by  the 
powerful  agency  of  heat,  its  force  in  liquids  is  scarcely  apparent,  though 
in  fact  it  may  be  very  powerful,  for  it  is  only  the  excess  of  the  attrac- 
tion over  the  repulsion  that  can  be  measured. 
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The  two  following  are  proofs  of  attraction  in  liquids,  and  also  that 
it  is  very  considerable*. 

Sir  Humphrey  Davy  remarks  very  justly,  “ Cohesion  is  usually  said 
to  act  only  at  the  surface  of  bodies,  or  by  their  immediate  contact,  but 
this  does  not  seem  to  be  the  case.  It  certainly  acts  with  much  great- 
er energy  at  small  distances  ; but  the  spherical  form  of  minute  portions 
of  fluid  matter  can  only  be  produced  by  the  attraction  of  all  the  parts 
of  which  they  are  composed  for  each  other  ; and  most  of  these  attrac- 
tions must  be  exerted  at  sensible  distances.”  To  this  remark,  I 
may  be  allowed  to  add,  that  the  attraction  between  the  particles  of  a 
liquid,  must,  moreover,  be  a very  powerful  force ; for  it  is  not  only 
able  to  resist  the  force  of  repulsion,  but  also  to  gather  the  particles 
into  drops  against  their  tendency  to  gravitate. 

Another  proof  of  the  force  of  attraction  in  liquids,  appears  to  me 
afforded  in  the  fact,  that  the  expansion  of  liquids  increases  in  a great- 
er ratio  than  the  temperature,  or  that  liquids  expand  more  from  equal 
additions  of  heat  at  high  than  at  low  temperatures.  If  the  pressure 
of  the  atmosphere  were  the  only  force  opposing  their  expansion,  li- 
quids would  expand  less  as  the  temperature  increased  ; for,  as  a liquid 
expands,  since  it  presents  a greater  surfacef  either  to  the  air  or  to 
the  vessel  containing  it,  it  is  pressed  on  with  increasing  force.  But 
if  the  force  opposing  the  expansion  increases  with  the  temperature,  it 
is  plain  that  equal  additions  of  heat  would  produce  less  and  less 
effect. 

If  these  equal  increments  of  temperature  in  liquids  be  considered  to 
indicate  equal  additions  of  heat,  as  is  the  general  opinion,  the  only 
means  by  which  the  increased  ratio  of  expansion  can  be  accounted 
for,  it  appears  to  me,  must  be  sought  for  in  a powerful  attraction 
exerted  between  the  particles  of  a fluid,  by  the  decrease  of  which  at- 
traction, as  the  particles  separate  from  each  other,  more  effect  is  pro- 
duced towards  enabling  heat  to  expand  the  fluid,  than  the  increase  of 
atmospheric  pressure  produces  in  opposing  the  expansion;  so  that  the 
sum  of  the  powers  opposing  expansion  is  a decreasing  force,  and  hence 
the  expansion  itself  will  have  an  increasing  ratio. 

The  nature  and  physical  properties  of  gases,  have  especially  induced 
most  philosophers  to  consider  the  attraction  of  atoms  as  only  acting 

* Elements  of  Chemical  Philosophy,  p.  68. 

•j-  This  is  of  course  the  same  effect ; for  though  a liquid  expanding  in  a jar  may 
not  have  the  surface  exposed  to  the  air  increased,  yet  it  displaces  more  and  more 
air,  and  is  re-acted  on  by  the  vessel,  with  precisely  the  same  force,  as  if  it  were 
compressed  on  all  sides  by  the  atmosphere. 
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when  atoms  are  very  near  to  each  other.  From  the  great  elasticity  of 
gases,  their  atoms  are  treated  of  as  beyond  the  sphere  of  mutual  at- 
traction, and  some  philosophers*  have  accounted  for  the  expansion  be- 
ing equable  for  each  equal  addition  of  temperature,  and  for  the  ratio 
of  expansion  being  the  same  in  all  gases,  by  the  supposition  of  no  at- 
traction existing  between  their  particles,  and  as  proofs  of  the  non-exis- 
tence of  any  such  attraction.  How  far  this  reasoning  is  correct  let  us 
presently  examine. 

The  elasticity  of  a gas  is  certainly  no  proof  of  the  absence  of  aoy 
attraction  between  its  atoms.  It  serves  only  to  show  that  the  whole 
repulsion  is  very  powerful  and  superior  to  any  attraction  that  may  exist 
between  its  atoms.  Since  the  attraction  between  the  particles  of  a 
gas  is  inferior  to  the  repulsive  power,  it  cannot  be  apparent,  though  it 
may  yet  certainly  exist. 

The  gas  will  possess  elasticity,  and  will  expand  unless  subjected  to 
a compressing  force,  such  as  the  atmosphere. 

Again,  the  equable  expansion  of  a gas  from  each  equal  rise  of  tem- 
perature, is  not  any  proof  of  the  absence  of  attraction  between  its 
atoms  on  the  ground  usually  taken,  that  if  there  were  any  attraction 
present,  it  ought,  by  decreasing  as  the  atoms  separated,  and  conse- 
quently offering  less  and  less  resistance,  to  allow  of  an  increasing  ex- 
pansive effect  from  each  equal  addition  of  temperature.  For  it  will 
presently  be  seen,  that  equal  increments  of  temperature  in  gases  by  no 
means  indicate  equal  quantities  of  heat,  and  therefore  not  equal  addi- 
tions of  repulsive  power.  Neither  does  the  atmospheric  pressure  offer 
constantly  equal  resistance  to  the  expansion  of  a gas ; since  as  a gas 
expands  this  force  tending  to  compress  its  atoms  must  increase,  for  as 
the  particles  of  a gas  recede  from  each  other,  each  is  subjected  to  and 

I mil  [ has  to  support  the  pressure  of  a greater  number  of 
those  of  the  atmosphere.  Thus  in  the  annexed  figure 

A •*••••  B the  line  A B may  be  supposed  to  mark  the  contact  of 

the  atmosphere,  and  a volume  of  subjacent  gas.  Here,  each  particle 
of  gas  wfith  its  elastic  mediumf,  denoted  by  the  dots  A B,  is  subjected 
to  the  pressure  of  a column  whose  base  is  one  particle  of  air. 

Let  the  gas  be  expanded  by  heat  until  the  distance  of 
the  particles  from  each  other  is  double.  It  is  now  clear, 
® that  each  particle  with  its  elastic  medium  (now  greatly 


* Murray,  vol.  i.  p.  248,  System  of  Chemistry.  Berthojllet,  Chem.  Statics. 
Lambert,  vol.  i.  p.  116,  117,  and  143. 

t The  seat  of  the  repulsive  force,  according  to  most  authors  ; as  will  be  pre- 
sently considered. 
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enlarged)  has  to  support  a column  of  air,  the  base  of  which  is  four 
particles,  two  being  shown  in  the  side  view.  Hence  the  atmospheric 
force  tending  to  compress  any  two  gaseous  particles  must  increase  as 
thev  recede  from  each  other  ; and  even  very  considerably,  for  aerial 
fluids  expand  much  from  small  increments  of  temperature*. 

The  experiments  of  Mr.  Dalton,  De  Luc,  and  others,  made  chiefly 
between  the  freezing  and  boiling  points  of  water,  lead  to  the  conclusion 
that  gases  expand  ?so  (of  their  bulk  at  32°)  with  each  accession  of 
temperature  of  one  degree  (Farh.)  in  a simple  arithmetical  progression  ; 
and  it  appears  assumed  that  this  is  the  law  of  their  expansion  by  heat. 
Hence  air  at  32°  by  an  advance  of  480  degrees,  i.  e.  to  512°,  would 
have  its  bulk  doubled.  Let  us  suppose  two  cubical  pints  of  air  to  be 
taken;  and  let  one  of  them  be  expanded  to  double  its  bulk,  i.  e.  to  a 
quart.  Since  the  distance  of  the  atoms  increases  as  the  cube  root  of 
the  bulk  ; the  bulk  of  one  of  these  portions  of  air  having  become  2 to 
the  other  as  1 ; the  distance  of  the  atoms  will  have  increased  in  the 
former  in  the  ratio  of  the  cube  root  of  2 to  the  cube  root  of  1,  i.  e.  as 
1.26  to  1 nearly  ; and  since  the  number  of  atoms  under  a given  surface 
of  the  gas  expanded  to  a quart  will  be  100,  while  there  are  158  under 
the  same  surface  in  the  pint,  and  the  pressure  being  constant  on  a 
given  surface,  100  atoms  of  the  former  will  have  to  support  as  much 
as  158  of  the  latter.  Let  the  pressure  be  called  158.  It  is  plain  each 
particle  of  the  quart  will  be  pressed  on  by  a force  1.58,  while  each  of 
the  pint  will  have  to  bear  only  a pressure  of  1 . 

Again,  since,  as  was  shown  by  Newton,  the  mutual  elasticity  of 
the  particles  of  air  (and  the  same  is  assumed  with  regard  to  all  gases), 
varies  inversely  as  their  distance,  i.  e.  decreases  in  the  direct  proportion 
of  their  separation  ; and  since  the  pressure  increases  as  the  square  of 
their  distance ; the  total  absolute  force  expanding  a gas  must  be  in  • 

* The  reader  will  not,  it  is  hoped,  think  that  the  following  error  is  here  com- 
mitted of  supposing  that  by  increasing  the  surface  of  a volume  of  gas  the  compres- 
sion of  its  parts  is  increased  ; as  for  instance,  that  the  compression  of  the  parts 
of  a spherical  pint  of  gas  (in  which  form  the  surface  is  the  least  possible)  would 
be  increased  by  moulding  the  volume  into  any  other  form,  as  that  of  a long  cylin- 
der, where  the  surface  would  be  greatly  increased.  So  long  as  the  number  of  par- 
ticles in  a given  volume  is  constant,  the  pressure  and  mutual  re-action  of  the  atoms 
will  of  course  not  vary,  whatever  may  be  the  extent  of  surface  exposed  to  the  at- 
mosphere or  to  any  vessel  it  is  contained  in.  But  directly  the  number  of  particles 
in  a given  bulk,  ceases  to  be  constant  owing  to  expansion,  the  pressure  on  each 
particle,  of  necessity  must  increase,  whether  it  be  a superficial  particle  contiguous 
to  the  air,  or  inside  of  the  vessel,  or  a central  one  receiving  the  pressure  from  the 
other  particles  and  re-acting  against  it. 
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creased  in  the  direct  ratio  of  the  increase  of  the  bulk.  — Thus  one  cu- 
bic inch  of  air  will  need  the  absolute  elastic  power  of  each  particle  to 
be  increased  eight  times,  in  order  to  expand  it  to  8 inches.  The  bulk 
having  been  increased  eight-fold,  the  distance  of  the  particles  will  be 
doubled  (i.  e.  as  the  cube  root  of  the  bulk) ; on  doubling  their  distance 
their  elastic  force  is  halved,  i.  e.  from  8 it  has  become  4,  and  at  the 
same  time  the  pressure  is  increased  as  the  square  of  their  distance  2, 
and  is  therefore  4.  Here  then  the  elasticity  and  pressure  balance  each 
other,  and  the  particles  will  be  stationary.  Hence  the  power  endow- 
ing the  particles  with  mutual  elasticity  must  have  been  increased  in  the 
same  ratio  as  the  increase  of  the  bulk.  If  these  480  degrees  of  tem- 
perature can  double  the  bulk  of  a given  volume  of  gas,  they  must 
double  the  whole  absolute  quantity  of  heat  in  the  gas.  The  specific 
heat  of  the  gas  at  512°  will  be  double  that  of  the  pint  at  32°  in  the 
experiment.  Now  this  is  a point  which  probably  no  one  acquainted 
with  all  that  is  known  regarding  caloric  will  maintain.  We  can  hard- 
ly suppose  that  the  whole  specific  heat  of  a gas  at  32°  (viz.  that  due  to 
its  capacity  and  temperature,  and  all  the  latent  heat  due  to  its  gaseous 
state)  is  equal  only  to  that  introduced  by  the  480  degrees.  Analogy 
would  teach  us,  that  it  is,  at  least,  three  or  four  times  as  much.  If 
then  the  480  degrees  of  heat  can  effect  as  much  expansion  as  the  whole 
previously  contained  in  the  gas  could,  we  are  led  necessarily  to  the 
conclusion  that  the  latter  is  opposed,  even  in  gaseous  matter,  by  an  at- 
traction, so  far  as  to  have  an  effective  repulsive  force  equal  only  to  that 
subsequently  introduced  by  480  degrees  of  temperature,  nay  to  much 
less,  for  the  fact  of  the  presence  of  this  attraction  being  once  establish- 
ed, between  the  gaseous  particles,  this  force  must  be  considered  as 
operating  against  the  heat  subsequently  introduced  ; and  must  lessen 
its  effective  power. 

This  argument  I may  illustrate  in  a more  familiar  manner.  Let  a cy- 
lindrical vessel  half  filled  with  any  gas,  nitrogen,  stand  inverted  in  a 
vessel  of  water,  so  that  the  liquid  being  on  a level  within  and  without 
the  pressure  on  the  gas  shall  be  just  that  of  the  atmosphere.  If  the 
surface  be  two  square  inches,  this  will  be  equal  to  thirty  pounds.  Let 
an  equal  quantity  of  oxygen  gas  be  added,  and  suppose  it  at  first  to  re- 
main under  the  nitrogen,  and  the  vessel  to  be  raised  so  as  to  preserve 
the  same  level  in  the  water.  The  oxygen  will  now  bear  the  whole  pres- 
sure, and  communicate  the  same  to  the  nitrogen  above  it.  Each  will 
he  pressed  on  with  a force  of  30  pounds.  In  the  course  of  time,  how- 
ever, the  two  gases  will  become  completely  mixed.  Each  will  occupy 
the  whole  vessel,  the  bulk  of  each  being  doubled  ; but  the  two  together 
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not  filling  more  space  than  before.  Now,  it  is  clear,  each  presses 
on  the  water  and  each  bears  one -half  of  the  pressure  of  30  pounds,  so 
that  the  elastic  force  introduced  with  the  oxygen  gas  has  enabled  the 
nitrogen  to  double  its  bulk  under  the  pressure  of  the  air ; and  has 
done  no  more.  If  instead  of  adding  the  oxygen  gas,  heat  had  been  add- 
ed to  the  nitrogen  until  its  hulk  had  been  doubled  by  expansion,  it  is 
manifest  the  480°  which  effected  this  would  have  introduced  as  great 
an  effective  dilating  power  as  that  of  the  whole  specific  heat  of  the  oxy- 
gen gas  in  the  other  case.  But  it  will  not  be  contended,  that  the 
whole  specific  heat  of  the  oxygen  gas  amounted  to  no  more  than  480 
degrees  : for  analogy  would  lead  us  to  conclude,  that  the  latent  heat 
due  to  its  gaseous  state  (including  that  of  the  previous  state  of  liqui- 
dity) must  greatly  exceed  this  quantity,  and  if  we  add  all  the  caloric  o^ 
temperature,  in  a substance  of  a large  capacity  for  heat,  from  the  na- 
tural zero  up  to  the  temperature  of  the  experiment,  we  shall  proba- 
bly underrate  the  quantity  at  three  or  four  times  480°.  The  question 
then  is,  whence  does  it  happen  that  480°  of  uncombined  heat  could  aid 
the  expansion  of  the  nitrogen  gas,  as  much  as  four  times  this  quantity 
entering  with  the  oxygen?  A reason,  it  appears  to  me,  can  only  be 
found  in  the  following  explanation.  The  latter  heat  is  so  far  opposed 
by  a mutual  attraction  between  the  atoms  of  the  oxygen,  that  its  free 
effective  elastic  power  equals  only  that  of  the  480°  in  the  other  case. 

Tf  then  any  inference  can  he  drawn  from  the  equable  expansion  of  a 
gas  from  equal  increments  of  heat,  it  is  certainly  this  ; that  a power- 
ful attraction  subsists  between  the  gaseous  atoms,  reducing  the  elastici- 
ty of  their  large  quantity  of  specific  heat,  in  so  great  a degree,  as  to 
leave  an  effective  elasticity  equal  only  to  what  would  be  due  to  one- 
third  or  one-fourth  as  much  heat.  But  the  attraction  cannot  be  appa- 
rent, because  it  is  veiled  beneath  the  excess  of  the  elastic  power. 

The  alleged  fact  that  all  gases  have  the  same  ratio  of  expansion  has 
also  been  proposed  as  an  argument  against  the  existence  of  attraction 
between  particles  in  a gaseous  state.  It  is  said  that  all  gases  have  the 
same  ratio  of  expansion,  because  the  force  opposing  expansion  is  the 
same  in  all,  namely,  the  pressure  of  the  air  ; and  that  if  an  attraction  be 
admitted  between  the  particles  of  a gas  it  must  be  considered  as  equal 
in  every  gas,  for  otherwise  the  ratio  of  expansion  would  not  be  the 
same  in  all,  and  hence  that  there  exists  no  attraction,  for  it  cannot  be 
considered  as  equal  in  all  gases.  Mature  reflection  will  perhaps  in- 
duce a different  view  of  the  subject.  Though  a certain  change  of  tem- 
perature may  produce  an  equal  change  in  the  mass  of  all  gases,  yet  the 
separation  of  the  particles  may  be  scarcely  the  same  in  any  two,  for  we 
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have  no  proof  of  different  gases  having  the  same  number  of  particles 
in  equal  bulks. 

In  the  combination  of  gases,  a comparison  between  their  prime  equi- 
valents, their  proportions  by  volume,  and  the  resulting  bulks  of  the 
compounds,  would  lead  to  the  conclusion  that  the  number  of  particles 
in  a given  bulk  differed  materially  in  different  gases.  Thus,  if  it  be 
assumed  that  in  oxygen  and  nitrogen  the  number  of  atoms  in  a given 
bulk  of  each  is  equal,  since  one  volume  of  the  former  combines  with 
one  of  the  latter  to  form  the  nitric  oxyd  gas,  it  would  follow,  that  ail 
atom  of  each  unite  to  form  each  particle  of  the  compound  gas.  If, 
then,  in  the  latter,  it  be  assumed,  that  in  a given  bulk  the  same  number 
of  compound  particles  exist  as  of  simple  ones  in  either  of  the  former,  it 
is  clear  that  the  two  volumes  ought  in  combining  to  condense  into 
one  volume,  since  two  atoms  form  one  compound  particle.  But  expe- 
rience shews  that  no  condensation  takes  place.  Therefore,  whatever 
number  of  simple  atoms  have  combined  to  form  a compound  particle, 
in  the  same  proportion  must  the  number  of  the  latter  in  a given  space 
have  decreased. 

Many  other  combinations  of  gases  would  prove  equally  hostile  to 
the  supposition,  that  all  gases  are  at  the  same  temperature  and  pres- 
sure equally  dense.  Hence,  though  equal  rises  of  temperature  may  in- 
crease the  bulks  of  different  gases  equally,  the  separation  of  the  parti- 
cles may  differ  in  all.  And  further,  the  capacities  of  gases  for  heat  dif- 
fer materially.  If  equal  bulks  of  hydrogen  and  olefint  gases  be  taken, 
since  their  relative  capacities  for  heat  are  as  1 to  1.7  nearly,  we 
shall  have  these  numbers  representing  the  relative  quantity  of  heat  by 
each  degree  of  temperature.  It  would  require  1.7  of  heat  to  expand 
an  equal  bulk  of  hydrogen.  Since  the  pressure  on  each  is  equal 
and  increases  equally,  whence  does  this  arise  ? We  are  compelled,  I 
think,  to  conclude  that  atmospheric  pressure  is  not  the  sole  force  op- 
posing expansion,  but  that  it  is  aided  also  by  an  attraction  subsisting 
between  particles  in  the  gaseous  state,  more  powerful  in  olefint  gas 
than  in  hydrogen,  whence  to  effect  an  equal  expansion  more  heat  is  re- 
quired in  the  former  than  in  the  latter. 

If  then  any  inference  can  be  drawn  from  the  equable  expansion  by 
heat  of  different  gases,  it  is  this,  that  in  every  gas  an  attraction  sub- 
sists between  the  atoms  ; but  in  some  gases,  as  might  have  been  expect- 
ed, more  powerful  than  in  others. 

By  the  above  elaborate  inquiry,  I trust  I have  shewn  that  the  facts 
usually  brought  forward  as  evidence  of  the  limited  distance  to  which 
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contiguous  attraction  is  supposed  to  extend  do  in  reality  lead  to  an  op- 
posite conclusion. 

Of  an  attraction  between  gaseous  atoms,  both  similar  and  dissimilar, 
we  shall  have  further  satisfactory  proof  by  the  consideration  of  the 
following  phenomena.  In  the  transition  of  aqueous  vapour  to  the 
solid  state,  a number  of  particles,  which  must  have  occupied  a con- 
siderable space,  convene  to  form  a flake  of  snow. 

This  must  surely  have  been  produced  by  a general  attraction 
throughout  all  the  particles  of  that  portion  of  vapour,  the  attraction 
between  the  contiguous  particles  being  doubtless  the  most  powerful. 
Hence  each  minute  crystal  of  the  flake  is  formed  by  the  affinity  of  se- 
veral neighbouring  particles,  but  the  aggregation  of  all  the  crystals  to 
form  the  mass  must  be  the  product  of  an  universal  attraction  of  all  the 
particles  of  the  vapour.  Otherwise  no  flake  would  be  formed,  but  each 
grain  would  be  precipitated  separately.  This  instance  alone  appears  a 
conclusive  proof.  Between  dissimilar  particles  there  are  many  like 
instances.  The  deliquescence  of  a salt  has  been  adduced  by  Newton 
himself  in  proof  of  its  attraction  “ acting  at  a distance”  on  the  parti- 
cles of  vapour  in  the  air. 

The  mutual  action  of  the  particles  of  different  gases  on  each  other  is 
often  evident  at  considerable  distances,  as  when  two  gases  combine  to 
form  a solid  or  liquid,  such  as  the  muriatic  acid  and  ammoniacal  gases, 
and  many  others. 

If  all  these  arguments  and  facts  be  admitted  as  true,  sufficient  Las 
been  said  to  prove  that  the  attraction  of  atoms,  whether  of  similar  or 
dissimilar  atoms,  is  not  merely  a contiguous  force ; and  as  we  have  had 
evidence  of  its  being  exerted  by  all  atoms  in  a gaseous  state,  but  have 
no  proof  of  its  ceasing  at  any  point,  it  must  surely  be  considered  as  a 
power  that  operates,  though  weakly,  at  a distance,  and  that  it  does  not 
suddenly  cease  any  where. 

2 ndly.  How  far  the  attraction  of  atoms  is  general,  i.  e.  whether  all 
atoms  in  nature  attract  and  are  attracted  by  all,  or  whether  attraction 
between  atoms,  chemical  and  cohesive,  is  confined  to  a limited  num- 
ber. 

It  would  seem  to  be  the  opinion  of  most  modern  philosophers,  that 
all  homogeneous  atoms  exert  a mutual  attraction  when  sufficiently  near 
to  each  other,  and  hence  that  the  particles  of  gases  would  cohere  if 
brought  within  the  limits  of  their  attraction.  That  all  homogeneous 
atoms  attract  each  other,  there  is  not  any  reason  for  doubting.  It  has 
been  above  shewn  that  we  have  no  proof  of  a limit  to  the  distance  at 
which  attraction  may  be  exerted,  and  that  even  in  the  gaseous  state 
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all  particles  must  be  supposed  to  attract  each  other.  Since  then  in 
liquids  and  solids  also  an  attraction  is  always  manifest,  it  follows  that 
between  homogeneous  atoms  this  force  is  universal.  We  have  equal 
reason  to  admit  its  action  between  all  heterogeneous  atoms,  though  it 
has  until  lately  been  considered  to  exist  only  between  a limited  variety. 

The  fact  that  many  atoms  refuse  to  combine  may  be  readily  explain- 
ed, as  Dr.  Murray  has  observed,  by  taking  all  the  forces  that  oppose 
combination  into  consideration.  These  forces  may  in  many  instances 
be  superior  to  that  of  the  attraction,  and  then  the  latter  will  apparent- 
ly not  exist.  A very  strong  proof  of  the  universal  action  of  attraction 
between  dissimilar  atoms,  and  even  when  in  the  gaseous  state,  is  af- 
forded by  the  fact  that  all  gases  without  any  exception  will  either 
combine,  or  else  mix,  when  brought  together ; and  further  that  all  dis- 
solve water  when  placed  over  it*. 

The  reason  of  an  attraction  being  universally  apparent  between  all 
gases,  though  not  between  all  liquids  and  solids,  is  readily  explained. 
In  the  former  state,  the  particles  of  the  body  are  not  detained  by  any 
cohesion,  but  exert  an  effective  repulsionf  for  each  other,  which  ren- 
ders them  easy  to  be  put  into  motion  ; hence  even  a weak  attraction 
exerted  by  another  gas  becomes  evident.  On  the  other  hand,  the  par- 
ticles of  solids  and  of  liquids,  on  a small  separation  from  each  other, 
are  detained  by  their  cohesion,  it  being  stronger  than  the  attraction 
of  many  bodies  for  them. 

With  respect  to  the  attraction,  which  acts  between  atoms,  I trust 
that  under  the  present  head  sufficient  has  been  shewn,  to  justify  its 
being  considered  as  a power,  which  is  universal,  i.  e.  which  is  exerted 
(though  with  various  degrees  of  force)  between  all  particles  similar 
and  dissimilar. 

‘■idly.  The  effect  of  mass  on  contiguous  attraction. 

If  the  statements,  laid  down  in  the  two  former  heads,  be  true,  it  fol- 
lows of  necessity,  that  attraction  must  also  vary  with  the  mass,  or 
number  of  attracting  atoms  ; and  this  is  confirmed  by  experiment,  with 
respect  to  heterogeneous  atoms.  Thus  it  is  well  known,  that  a particle 
of  sulphuric  acid  has  a stronger  attraction  for  one  of  potash  than  one 

* It  is  well  known  Mr.  Dalton  and  others  have  endeavoured  to  explain  these 
facts,  without  the  assistance  of  an  attraction.  This  will  be  discussed  in  a future  part 
of  this  paper. 

+ I have  used  the  term  effective,  here  and  elsewhere,  to  denote  the  excess  of 
one  force  above  its  opponent  ; thus,  if  the  attraction  be  4 but  the  repulsion  10, 
the  effective  repulsion  = 6.  In  like  manner,  there  is  in  some  cases  an  “ effective” 
attraction. 
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of  nitric  acid  has.  Let  the  force  of  the  former  be  8,  that  of  the  lat- 
ter 4.  If  a compound  atom  of  sulphate  of  potash  were  in  this  case 
exposed  to  three  atoms  of  nitric  acid,  the  potash  would  be  separated, 
by  the  united  action  of  the  three  atoms  of  nitric  acid.  In  the  same 
manner,  the  sulphuric  acid  may  be  taken  from  sulphate  of  barytes,  by 
an  excess  of  potash,  as  Berthollet  has  shewn.  In  both  the  above  in- 
stances, mass  evidently  operates*.  There  is  also  every  reason  for  be- 
lieving, that  this  attraction  varies  as  the  mass,  between  homogeneous 
atoms,  although  there  are  not  experiments  proving  that  this  is 
absolutely  the  case  ; for  such  experiments  can  hardly  be  expected,  nor 
is  it  easy  to  propose  a way  of  making  them.  In  a homogeneous  solid 
mass,  this  law  does  not  plainly  present  itself,  merely  from  the  small- 
ness of  the  atoms ; from  which,  as  formerly  observed,  the  attractions 
of  all  those  that  are  at  a distance  from  each  other  (which  is  the  case 
with  far  the  greater  part)  becomes  so  much  less  than  that  of  contigu- 
ous particles,  (on  which  the  solidity  chiefly  depends,)  as  not  to  admit 
of  measurement  with  it. 

. The  law  of  attraction  which  is  here  enforced,  is  also  perfectly  con- 
formable with  the  doctrine  of  definite  proportion,  and  does  not  in  fact 
at  all  affect  it,  as  has  been  by  some  supposed. 

From  all  that  has  been  stated,  it  must  surely  be  admitted  as  a law 
of  this  power,  that  the  attraction  of  atoms  varies  as  their  number. 

4 thly.  The  ratio  in  which  the  force  of  attraction  varies,  and  the 
identity  of  this  power,  with  gravitation. 

I have  observed,  at  the  beginning,  that  the  opinions  of  philosophers, 
upon  the  attraction  of  atoms,  are  various,  and  in  many  instances  con- 
tradictory to  each  other.  They  are  particularly  so  in  the  present  ques- 
tion. 

Among  other  theories  is  that  of  Boscovich,  which  is  very  generally 
known.  In  this  it  is  supposed  that  atoms  do  not  exert  a simple 
power  of  attraction  towards  each  other  ; but  that  their  mutual  attrac- 
tion alternates  with  a mutual  repulsion,  not  with  variations  of  time, 
(as  has  been  by  some  supposed  of  the  affinity  of  bodies  for  light)  but  with 
variations  of  distance.  Thus  that  two  atoms,  when  contiguous,  repel 
each  other  with  great  force : and  that  this  repulsion  decreases  with 
the  increase  of  the  distance,  and  at  last  vanishes,  giving  place  to  an 
attraction,  which  increases  with  the  distance  to  its  maximum  ; whence 
it  decreases,  vanishes,  and  is  replaced  by  the  repulsion,  which  obeys 

* This  fact  does  in  no  degree  militate  against  the  well  established  and  important 
doctrine  of  definite  proportions  in  combination. 
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the  same  laws.  And  that  there  are  numerous  alternations  of  these 
forces.  According  to  this  law,  the  particles  of  a mass  must  always 
remain  at  some  one  of  the  intervals  between  attraction  and  repulsion. 
This  may  be  at  various  distances,  and  thus  may  be  explained  the  vari- 
ous degrees  of  density,  which  the  same  body  may  possess  at  different 
times.  To  this  hypothesis  it  may  be  objected  that  it  cannot  be  easily 
admitted,  of  a simple  force,  that  it  should  increase,  as  the  centres  of 
attraction  are  separated  ; much  less  then,  that  this  force  should  sud- 
denly, from  a certain  point,  obey  an  opposite  law,  and  decrease  with 
an  increase  of  distance. 

But  to  admit,  in  addition  to  this,  that  the  same  atoms,  from  another 
certain  point,  exert  an  opposite  force  of  repulsion,  which  obeys  the 
same  complicated  law,  and  that  these  alternations  are  frequently  re- 
peated, until  at  last  a regular  decreasing  attraction  prevails,  is  scarcely 
possible  ; since  it  does  not  accord  with  the  extreme  simplicity  always 
observable  in  the  laws  of  nature. 

Moreover,  it  is  not  possible  by  this  theory  alone,  to  account  for  the 
gradual  increase  of  volume  which  bodies  undergo,  without  introducing 
the  repulsive  agency  of  heat. 

Though  there  are,  according  to  this  theory,  many  points  of  distance 
at  which  particles  may  rest,  it  cannot  of  itself  account,  even  for  expan- 
sion, much  less  for  liquifaction  and  vaporization.  And  again,  if 
the  agency  of  heat  be  added  to  it,  on  a reduction  of  temperature,  bo- 
dies would  not  contract  in  volume,  for  their  particles  would  necessarily 
be  prevented  from  approaching,  by  that  region  of  repulsion,  at  the  li- 
mit of  which  they  lay.  This  would  involve  the  necessity  of  another 
extraneous  agent,  namely  some  compressing  force.  And  thus  the  two 
alternate  forces,  assigned  in  the  hypothesis,  are  ineffectual  without  the 
assistance  of  the  other  two,  and  with  them  are  altogether  useless  ; con- 
sequently it  is  not  philosophical  to  suppose  them. 

An  anonymous  writer  in  the  Encyclopaedia  Britannica*  treats  of 
cohesion  as  a force,  which  extending  to  a small  distance,  is  within 
this  distance,  “ little  or  not  at  all  altered  by  slight  compression,  or 
expansion.”  And  in  another  place  he  says,  “ it  appears,  that  the  force 
of  cohesion  cannot  be  supposed  to  vary  much  with  the  density,  and 
it  is  therefore  allowable  to  consider  it  as  constant  as  far  as  its  action 
extends.”  I have,  under  another  head,  I think  proved,  that  this  at- 
traction must  not  be  considered,  as  extending  only  to  very  small  dis- 
tances ; and  the  arguments,  adduced  in  support  of  this,  also  prove, 
that  attraction  is  a decreasing  force.  These  are,  the  increasing  ratio 
* Supplement,  Art.  Cohesion. 
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of  expansion  in  liquids,  and  the  equable  expansion  of  gases  from  de- 
creasing additions  of  heat.  The  former  can  only  be  accounted  for,  by 
supposing  that  its  chief  opponent  force,  the  attraction,  decreases.  The 
latter  also  requires  the  admission  of  an  attraction  between  all  gaseous 
particles,  and  that  this  force  decreases  likewise.  For,  did  it  not  decrease, 
gases  (as  it  was  there  demonstrated)  could  not  expand  as  much  from 
certain  additions  of  caloric  of  temperature,  as  from  their  specific  heat, 
so  much  more  in  quantity. 

In  Dr.  Rees’s  Cyclopaedia*  we  find  another  author,  who  expresses  a 
very  different  opinion.  “ There  is,”  he  says,  “ an  attraction,  which  is 
found  to  obtain  in  the  minute  particles,  whereof  all  bodies  are  com- 
posed, which  attract  each  other,  at  or  near  the  point  of  contact,  with 
a force  much  superior  to  that  of  gravity,  but  which,  at  any  distance 
from  it,  decreases  much  faster,  than  the  power  of  gravity.” 

And  others,  observing  the  apparently  great  decrease  in  the  force  of 
attraction,  as  particles  are  separated  from  each  other,  have  supposed 
that  it  must  vary  as  the  inverse  cube,  or  some  higher  power  of  the 
distance. 

All  these  views  have  doubtless  arisen,  from  attending  to  the  appa- 
rent, rather  than  the  actual,  force  of  attraction.  Since  attraction, 
whenever  presented  to  observation,  is  always  opposed  by  a divellent 
force,  the  law  of  the  simple  force  cannot  be  investigated  by  any  direct 
experiment  from  its  immediate  effects. 

There  is  however  the  strongest  reason  for  concluding  that  contigu- 
ous attraction,  as  treated  of  in  chemistry,  is  identical  with  the  great  uni- 
versal power,  gravitation. 

This  opinion  has  been  hinted  at  by  philosophers  from  an  early  age 
of  this  science,  and  among  them  by  Sir  Humphrey  Davy!.  But  it 
may  be  demonstrated,  as  I think,  in  the  most  satisfactory  manner,  from 
the  following  considerations. 

lsfr  The  great  Newton  has  demonstrated,  that  the  gravitation, 
which  prevails  throughout  the  bodies  of  the  system,  is  composed  of 
the  sums  of  the  attractions  between  the  atoms  of  the  several  bodies. 
And  thus  it  is,  strictly  speaking,  an  attraction  of  atoms  ; and  it  is  ex- 
erted between  the  same  atoms  as  the  attraction,  which  usually  bears 
that  name. 

2 ndly.  It  will  be  found  to  possess  the  same  properties  also. — First. 
That  attraction  of  atoms,  which  constitutes  gravitation,  increases  or 
decreases  as  the  distance  at  which  it  operates  is  less  or  greater.  This 

* Art.  Attraction.  t Sir  H.  Davy’s  Elements  of  Chem.  Philosophy,  p.  68. 
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the  same  great  author  has  shewn.  For  the  attraction  of  a body  in  the 
mass  (i.  e.  gravitation)  depends  wholly  on  this  supposition.  This 
same  property  we  have  seen*  must  belong  to  the  other  attraction  of 
atoms.  Secondly.  The  absolute  force  of  gravitation  varies  as  the 
mass.  This,  we  have  also  seenf,  must  be  a property  of  the  attraction 
of  atoms  chemically  considered. — Thirdly.  By  decreasing  the  mass,  in 
gravitation,  until  the  force  operating  only  between  a few  or  single 
atoms,  this  force  would  become  imperceptible  at  a very  small  distance, 
which  exactly  agrees  with  the  attraction  of  atoms  in  question];. 
Fourthly.  It  has  been  above§,  I think,  clearly  shewn  that  the  attrac- 
tion of  atoms,  as  conneeted  with  chemistry,  is  universal ; and  is  there- 
fore in  this  respect  perfectly  similar  to  the  attraction  of  atoms  named 
gravitation. 

We  have  here  two  forces  exerted  by  the  very  same  atoms,  (namely 
those  of  which  all  masses  in  nature  are  composed,)  and  possessing  the 
same  properties,  as  far  as  a comparison  can  be  carried  on  between 
them ; and  this  extending  through  numerous  particulars  ; whence  we  may 
conclude,  that  both  are  the  same  force  differing  only  in  the  accident  of 
distance,  from  whence  it  has  acquired  distinct  names — and  therefore, 
since,  by  the  above-mentioned  discovery  of  Newton,  the  forces  of 
atoms  composing  gravitation  vary  inversely  as  the  square  of  their  dis- 
tances, this  force  must  still  obey  the  same  law,  when  considered 
under  the  name  of  contiguous  attraction. 

The  truth  of  this  doctrine,  which  I have  been  endeavouring  to  de- 
monstrate generally,  will  I think  be  placed  beyond  all  question,  by 
the  consideration  of  the  following  case. 

A celebrated  author,  whom  I have  already  quoted,  has  adduced  the 
spherical  figure  of  a drop  of  water  in  proof  of  cohesion  operating 
throughout  all  its  particles.  Let  us  now  suppose  such  a drop,  situated 
in  absolute  space,  to  be  enlarged  by  an  accession  of  matter,  until  it  be- 
came an  ocean.  This  ocean  would  unquestionably  retain  the  figure 
of  a sphere  ; its  parts  being  kept  together  by  the  same  force,  not  at  all 
changed  in  quality,  but  only  increased  in  quantity.  From  having  been 
once  a drop,  it  would  become  a planet,  and  its  attraction,  which  was 
called  cohesion,  would  now  be  considered  as  gravitation. 

In  addition  to  this,  it  may  be  remarked,  that  part  of  the  fluid,  pass- 
ing into  vapor,  would  form  an  atmosphere  around  the  planet,  (admit- 
ting that  it  was  exposed  to  the  usual  source  of  heat.)  The  force, 
which  detained  this  atmosphere  on  the  surface  of  the  planet,  would 
constitute  its  gravitation,  which  would  be  no  other  than  the  cohesive 

* Vide  page  443.  + Vide  page  451,  Head  3.  J Vide  page  443.  § Vide  page  450. 


456 


On  the  tivo  great  powers. 


[Sept. 


attraction.  And,  since  it  operates  between  the  liquid  and  gaseous 
atoms,  most  of  which  are  at  a much  greater  distance  from  each  other, 
than  any  two  neighbouring  atoms  of  the  vapor,  it  at  once  proves  that 
atoms  in  a gaseous  state  attract  each  other  at  all  distances. 

Part  II. — Of  Repulsion.  Div.  1st. 

Were  the  attractive  force,  which  we  have  hitherto  treated  of,  op- 
posed  by  no  other  power,  it  is  manifest,  that  the  atoms  of  all  bodies 
would  be  in  perfect  contact,  and  that  all  masses  would  be  absolutely 
dense.  Hence  there  must  of  necessity  exist  some  divellent,  or  repul- 
sive power  in  bodies ; for  the  atoms  of  none  can  be  in  contact,  since 
all  are  capable  of  contracting  from  certain  causes.  As  they,  in  con- 
tracting, occupy  a less  space  than  before,  the  difference  between  their 
present  and  former  bulks  must  have  intervened  between  their  atoms  ; 
and  even  much  more ; for  no  limit  has  been  found  to  the  contraction  of 
bodies.  It  is  owing  to  the  same  divellent  power,  that  heterogeneous 
atoms  cannot  come  into  contact.  Hence  the  limited  number  of  com- 
binations ; and  hence  it  happens,  that  most  gases,  on  being  presented 
to  each  other,  merely  mix,  and  cannot  enter  into  combination. 

Since  a divellent  or  repulsive  force  is  always  as  evidently  operating 
to  prevent  the  contact  of  atoms,  as  an  attraction,  exerted  by  them,  is 
operating  to  favor  their  contact,  the  former  has  no  less  commanded 
the  attention  of  philosophers,  than  the  latter. 

Any  theory,  which  would  at  all  admit  of  investigation,  must  suppose 
the  great  opponent  force  to  the  attraction  of  atoms  to  depend,  either 
on  a repulsive  power  inherent  in  and  exerted  by  them  ; or  on  this 
force,  aided  by  the  power  heat ; — or  on  the  power  heat  alone. 

These  I shall  attempt  to  investigate  severally. — First.  Whether  the 
opponent  force  to  the  attraction  of  atoms  is  a power  inherent  in  and 
exerted  by  them. 

The  theory  of  Boscovich  and  a few  others  may  be  placed  under  this 
head.  His  theory,  as  above  observed,  would  sufficiently  account  for 
the  constitution  of  bodies,  if  their  volumes  were  permanent,  and  their 
particles  always  at  rest.  But,  since  all  bodies  are  capable  of  possess- 
ing every  degree  of  density,  and  of  expanding  and  contracting  gradu- 
ally, such  a theory  would  interfere  with  known  phenomena,  which 
could  not  take  place  on  the  admission  of  it. 

Bodies,  as  I have  before  remarked,  would  never  expand  without  the 
introduction  of  some  extraneous  expanding  power,  nor  could  they  con- 
tract, without  the  admission  of  a compressing  force,  of  which  we  have 
no  evidence,  and  the  action  of  which  could  not  be  explained. 
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In  short,  as  all  powers  inherent  in  atoms  must  be  permanent,  and 
as  a permanent  repulsion  cannot  alone  account  for  densities  and  states, 
which  are  not  constant,  the  power  opposing  attraction  cannot  be  solely 
a power  inherent  in  atoms. 

Secondly.  Whether  the  opponent  force  to  the  attraction  of  atoms 
depends  on  a power  exerted  by  them,  aided  by  the  power,  heat. 

In  a modern  treatise  on  attraction*  and  repulsion,  it  is  thus  assert- 
ed : — <<  The  states  of  elastic  fluidity,  solidity,  and  liquidity,  in  all  of 
which  the  greater  number  of  simple  bodies  are  capable  of  being  exhi- 
bited, at  different  temperatures,  are  not  uncommonly  conceived  to  de- 
pend on  the  different  actions  of  heat  only,  giving  a repulsive  force  to 
the  particles  of  gases,  and  simply  detaching  those  of  liquids  from  that 
cohesion  with  the  neighbouring  atoms  which  is  supposed  to  constitute 
solidity.”  And  he  adds,  “ but  these  ideas,  however  universal,  may  be 
easily  shewn  to  be  totally  erroneous  : and  it  will  readily  be  found,  that 
the  immediate  effect  of  heat  alone  is  by  no  means  adequate  to  the  ex- 
planation of  either  of  the  changes  of  form  in  question.”  “ There  can 
never  be  rest,  without  an  equilibrium  of  force,  and  if  two  particles  of 
matter  attract  each  other,  and  yet  remain  without  motion,  it  must  be 
because  there  exists  also  a repulsive  force,  equal,  at  the  given  distance, 
to  the  attractive  force.” 

To  this  I answer. — It  is  undoubtedly  true,  that,  to  enable  the  parti- 
cles of  a body  to  be  at  rest,  the  opponent  forces,  operating  on  them, 
must  be  in  equilibrio.  And  the  remark,  just  quoted,  might  properly 
be  objected  to  those  writers  who  have  treated  of  the  force  of  attrac- 
tion between  the  particles  of  solids,  as  being  greater  than  the  repul- 
sion. But,  since  the  question  is,  whether  or  not  heat  be  the  repulsive 
power  which  keeps  bodies  in  the  gaseous,  the  liquid,  and  the  solid 
state,  this  remark  cannot  be  considered  as  a proof  on  either  side,  since 
it  has  no  reference  to  this  question. 

Admitting  heat  as  the  sole  source  of  repulsion  between  atoms,  its 
force  may  easily,  nay  must  be  considered,  as  equal  to  that  of  the  at- 
traction, whenever  particles  are  at  rest.  The  opponent  powers  must 
be  in  equilibrio,  whether  heat  be  the  source  of  repulsion,  or  not. 

In  the  same  treatise  also,  attraction  and  repulsion,  it  would  appear,  are 
considered  as  being  both  exerted  between  atoms,  at  all  distances  within 
a certain  limit.  In  the  first  place,  it  cannot  be  admitted  as  possible, 
that  at  the  same  distance,  the  same  particles  should  at  once  attract  and 
repel  each  other.  But  even  supposing  it  possible  ; — if  this  repulsion 

* Encyclopaedia.  Britannica,  Supplement,  Art.  Cohesion. 
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be  equal  to  the  attraction  in  the  liquid  state,  since  it  must  be  a perma- 
nent force,  the  attraction,  being  always  opposed  by  an  equal  force, 
would  never  be  able,  under  any  circumstances,  to  draw  the  atoms  into 
the  solid  state. 

If  the  repulsion  be  considered  equal  to  the  attraction,  when  parti- 
cles are  at  rest  in  the  solid  state,  no  solid  could  contract,  unless  ex- 
posed to  an  extra-compressing  force,  of  which  fas  before  remarked) 
we  have  no  evidence,  and  which  must  only  operate  at  certain  times, 
for  otherwise  no  solid  could  ever  expand. 

Since  then  it  has  been  shewn,  that,  if  an  inherent  repulsion,  exert- 
ed by  atoms,  be  considered,  as  one  of  the  great  opponent  forces  to 
their  attraction,  it  necessarily  involves  the  introduction  of  an  extra- 
compressing force,  which  must  only  operate  at  certain  times  ; and  since 
no  such  compressing  force  can  be  demonstrated,  it  is  manifest  that 
such  a repulsion  cannot  be  considered  as  one  of  the  opponent  forces  to 
atomic  attraction. 

Thirdly. — That  the  opponent  force,  to  the  attraction  of  atoms,  de- 
pends on  the  power  heat  alone. 

It  has  been  already  proved,  that  no  inherent  force  of  repulsion  can 
be  supposed  to  be  exerted  by  atoms,  and  that  such  a force  would  not 
account  for  the  phenomena  of  repulsion,  which  could  not  take  place  on 
the  admission  of  it.  It  therefore  follows,  according  to  the  division,  that 
in  heat  consists  the  great  opponent  force  to  the  attraction  of  atoms. 

It  is  manifest,  that  previously  to  an  attempt  to  explain  the  action  of 
heat,  as  the  source  of  repulsion,  a decided  opinion  should,  if  possible,  be 
formed  of  its  nature. 

The  difficulty  of  this  is  apparent,  in  the  fact,  that  chemical  philoso- 
phers are  divided  between  the  two  opinions,  that  the  phenomena  called 
heat  depend  on  vibratory  motions  in  the  particles  of  bodies,  or  that 
heat  is  a subtle  highly  elastic  fluid  pervading  all  bodies. 

1.  That  the  phenomena  of  heat  depend  on  vibratory  motions,  in  the 
particles  of  bodies. 

The  phenomena  of  heat  are  of  two  kinds: — Those,  which  are  appa- 
rent to  the  senses,  and  commonly  called  heat;  and  those  of  repulsion. 
The  great  philosopher  Bacon,  being  unacquainted  with  most  of  the 
facts  proving  the  repulsive  force  of  heat,  could  only  judge  of  its  nature 
bv  those  of  the  former  kind.  He,  observing  that  great  heat  was  pro- 
duced by  the  friction  and  percussion  of  many  bodies,  that  iron  may 
even  be  rendered  red  hot  by  percussion,  was  led  to  the  conclusion,  that 
heat  consists  in  a motion  in  the  particles  of  bodies.  But  he  did  not  ap- 
ply his  hypothesis  to  the  explanation  of  repulsion.  Of  late  years  a great 
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philosopher*  has  extended  the  views  of  Bacon,  and  has  endeavoured  to 
explain  all  the  phenomena  of  repulsion  by  a vibratory  and  rotatory  mo- 
tion in  the  particles  of  bodies.  This  great  and  meritorious  author  writes 
in  these  words  : — “When  any  body  iscooled,  it  occupies  asmaller  volume 
than  before,  it  is  evident,  therefore,  that  its  parts  must  have  approached 
towards  each  other  ; when  the  body  is  expanded  by  heat,  it  is  equally 
evident,  that  its  parts  must  have  separated  from  each  other.  The  im- 
mediate cause  of  the  phenomena  of  heat  then  is  motion,  and  the  laws 
of  its  communication  are  precisely  the  same,  as  the  laws  of  the  commu- 
nication of  motion.”  Since  all  matter  may  be  made  to  fill  a smaller 
volume  by  cooling,  it  is  evident  that  the  particles  of  matter  must  have 
space  between  them,  and  since  every  body  can  communicate  the  power 
of  expansion  to  a body  of  a lower  temperature;  that  is,  can  give  an  ex- 
pansive motion  to  its  particles,  it  is  a probable  inference,  that  its  own 
particles  are  possessed  of  motion  : but  as  there  is  no  change  in  the  posi- 
tion of  its  parts,  as  long  as  its  temperature  is  uniform,  the  motion,  if  it 
exist,  must  be  a vibratory  or  undulatory  motion,  or  a motion  of  the  par- 
ticles round  their  axes,  or  a motion  of  particles  round  each  other.” 
And,  he  continues,  “ It  seems  possible,  to  account  for  all  the  pheno- 
mena of  heat,  if  it  be  supposed,  that  in  solids  the  particles  are  in  a 
constant  state  of  vibratory  motion,  the  particles  of  the  hottest  bodies 
moving  with  the  greatest  velocity,  and  through  the  greatest  space;  that 
in  fluids  and  elastic  fluids,  besides  the  vibratory  motion,  which  must  be 
conceited  greatest  in  the  last,  the  particles  have  a motion  round  their 
own  axes,  with  different  velocities,  the  particles  of  elastic  fluids  moving 
with  the  greatest  quickness;  and  that  in  ethereal  substances,  the  particles 
move  round  their  own  axes,  and  separate  from  each  other,  penetrating 
in  right  lines  through  space.  Temperature  may  be  conceived  to  depend 
upon  the  velocities  of  the  vibrations ; increase  of  capacity  on  the  motion 
being  performed  in  greater  space ; and  the  diminution  of  temperature, 
during  the  conversion  of  solids  into  fluids  or  gases,  may  be  explained 
on  the  idea  of  the  loss  of  vibratory  motion,  in  consequence  of  the  revo- 
lution of  particles  round  their  axes,  at  the  moment  when  the  body  be- 
comes fluid  or  aeriform,  or  from  the  loss  of  the  rapidity  of  vibration, 
in  consequence  of  the  motion  of  the  particles  through  greater  space.” 

It  is  under  the  deepest  impression  of  respect  for  the  author  that  I 
allow  myself  to  make  my  observations  on  the  doctrine  supported  in  the 
above  quotation,  which  observations  are  only  stated  from  a persuasion 
of  the  importance  of  one  decided  and  general  opinion  as  to  the  nature 
of  heat  in  forming  the  science  of  chemical  philosophy. 

* Sir  H.  Davy’s  Elements  of  Chemical  Philosophy. 
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It  is  certainly  true,  that  ■when  a body  contracts  on  a reduction,  or  ex- 
pands on  a rise  of  temperature,  in  the  one  case  the  particles  approach, 
and  in  the  other  recede,  from  each  other.  This  approximation,  and  se- 
paration, is  a gradual  and  regular  motion.  Thus,  if  two  particles  are 
kept  at  a certain  distance  from  each  other,  by  any  force  (whether  of 
heat  or  not)  on  the  removal  of  that  force  the  particles  must  have  mo- 
tion, if  they  approach  ; but  when  they  arrive  the  distance  at  which 
they  are  to  remain,  this  motion  ceases,  and  is  no  proof  of  vibratory 
motions  in  the  atoms,  nor  can  it  give  rise  to  them.  When  particles 
approach,  they  are  put  into  gradual  motion,  by  the  force  of  attraction; 
and  they  will  not  separate,  until  a superior  force  urges  them  in  a dif- 
ferent direction. 

Since  the  particles  of  matter  have  space  between  them,  and  since  they 
exert  great  attractions  for  each  other,  the  force,  which  keeps  them 
asunder,  must  be  equal  to  their  attraction.  If  this  force  is  a vibration  of 
the  particles,  it  cannot  be  permanent.  No  motion  can  be  lasting,  when 
opposed  by  any  force,  however  small,  unless  it  is  preserved  by  an  equal 
force.  But  the  vibration  of  atoms  would  be  opposed  by  a very  power- 
ful force,  their  mutual  attraction  ; which  would  urge  them  into  absolute 
contact ; when  any  vibration  must  cease,  from  their  impact  against  each 
other.  It  cannot  be  said,  that  their  motion  is  kept  up  by  that  of 
neighbouring  bodies,  for  the  vibration  of  all  particles  in  nature  would 
very  soon  cease  for  the  same  reason. 

The  expansion,  which  a hot  body  produces,  in  one  of  a lower  tem- 
perature, arises  from  the  divellent  power  becoming  superior  to  their 
attraction,  and  producing  a slow  and  progressive  separation  of  the  par- 
ticles of  the  latter,  which  power,  as  above  shewn,  cannot  depend  upon 
a vibratory  motion,  for  any  such  motion  must  soon  cease.  And  even 
could  such  motion  last,  it  would  not  be  increased  by  superior  vibrations 
in  another  body,  but  lessened.  If  two  vibrating  bodies  are  brought  into 
contact,  their  vibrations  cease  directly,  from  the  one  body  being  a 
mechanical  obstacle  to  any  motions  in  the  other.  But,  if  the  motion 
in  the  one  is  greater,  it  will  still  more  check  any  motion  in  the  other, 
not  only  from  the  obstacle  arising  from  its  contact,  but  also  from  its 
increased  impact,  unless  it  be  supposed,  that  the  particles  of  the  two 
bodies  happen  to  be  moving  in  the  same  direction,  at  the  instant  of 
their  contact.  This,  which  would  involve  the  idea,  that  all  particles 
in  nature  are  always  oscillating  in  the  same  direction,  at  the  same 
moment  of  time,  is  moreover  contrary  to  a supposition  in  the  above 
theory,  that  bodies  of  different  temperatures  vibrate  with  different 
velocities,  from  which  their  atoms  would  soon  move  in  different  direc- 
tions at  the  same  time. 
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That  the  particles  of  solids  are  in  a constant  state  of  vibratory  mo- 
tion is  incompatible  with  their  mutual  attractions,  and  their  gravity. 
If  temperature  depended  on  vibration  of  atoms,  bodies  would  soon  have 
no  temperature,  (i.  e.  fall  to  natural  zero,)  for  their  particles  would  soon 
cease  to  vibrate. 

This  theory  cannot  explain  temperature  ; for  bodies  would  lose  their 
temperature  if  temperature  be  vibration.  Nor  capacity,  if  capacity  be  lati- 
tude of  motion.  Nor  could  radiation  take  place,  if  radiated  heat  be  vibra- 
tions communicated  through  the  air,  for  according  to  this  theory,  the  par- 
ticles of  elastic  fluids  move  with  the  greatest  quickness.  Thus,  suppose 
the  particles  of  any  body  A,  are  vibrating  at  any  given  rate  10,  and 
those  of  another  distant  body  B,  at  any  less  rate  8,  as  the  air  between 
them  is  vibrating  with  the  greatest  quickness,  let  its  rate  be  20.  If 
the  air  vibrating  at  the  rate  20  does  not  increase  the  rate  of  vibration 
in  A and  B,  how  can  it  transmit  from  A to  B the  small  difference  of 
their  vibration  ? — or  how  can  it  receive  vibrations  from  A,  which  vi- 
brates at  a less  rate  than  itself.  And  moreover,  as  matter  of  some  kind 
must  be  present  to  transmit  vibrations,  radiation  could  not  take  place 
through  a vacuum,  as  it  is  known  to  do,  unless  the  “ subtle  medium” 
of  Newton*  be  supposed  to  exist,  which  is  not  a part  of  this  hypothesis, 
and  which,  as  will  hereafter  be  shewn,  is  very  nearly  allied  to  the  “mat- 
ter of  heat”  of  Lavoisier. 

That  the  repulsive  force  opposing  attraction  cannot  be  explained  by 
vibratory  motions,  supposed  to  exist  in  the  atoms  themselves  of  bodies, 
has  been,  I trust,  proved  by  numerous  unanswerable  objections. 

2.  That  heat  is  a subtle,  elastic  fluid,  pervading  all  bodies. 

The  doctrine  of  the  materiality  of  heat  has  been  adopted  by  the 
greater  part  of  modern  philosophers ; and  the  cause  of  its  entering 
bodies,  and  separating  their  particles,  has  been  explained  in  three  ways : 

First. — Boerhaave,  with  some  other  philosophers,  attempted  to  ex- 
plain the  distribution  of  heat,  solely  by  supposing  that  its  particles  are 
mutually  repellent.  Hence  its  perfect  elasticity,  which  it  was  supposed 
would  expand  it  equally  through  space,  so  that,  in  equal  volumes  of 
space,  there  would  be  equal  quantities  of  heat,  whether  occupied  by 
other  matter  or  not.  And  hence  he  concluded  that  equal  volumes  of 
matter  always  would  contain  equal  quantities  of  heat. 

That  this  is  not  the  case,  is  proved  by  experiment,  for  equal  volumes 
of  matter,  it  is  well  known,  contain  very  different  quantities  of  heat. 
Moreover,  the  argument  itself  is  not  sound  ; for  very  dense  bodies,  be- 
tween the  atoms  of  which  a powerful  attraction  subsists,  would  never 
* Treatise  on  Optics,  Queiy  18. 
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admit  heat,  until  it  was  so  accumulated  in  rare  bodies,  that  their  elasti- 
city was  superior  in  force  to  the  cohesion  of  dense  bodies,  which  is  so 
far  from  being  the  case,  that  the  elasticity  of  the  atmosphere  is  eva- 
nescent in  comparison  with  the  cohesion  of  most  solids. 

Secondly. — In  his  Elements  of  Chemistry  Lavoisier  proposed  another 
explanation  of  the  action  of  heat,  in  these  words  : — “ It  is  perhaps  more 
natural  to  suppose,  that  the  particles  of  caloric  have  a stronger  mutual 
attraction,  than  those  of  any  other  substance  ; and  that  these  latter  par- 
ticles are  tom  asunder,  in  consequence  of  this  superior  attraction  of  the 
particles  of  caloric,  which  forces  them  between  the  particles  of  other 
bodies,  that  they  may  be  able  to  reunite  with  each  other*.” 

This  hypothesis,  which  treats  of  heat  as  a non-elastic  substance,  is 
liable  to  so  many  objections,  that  it  has  had  very  few  advocates,  and 
was  probably  relinquished  by  its  great  author.  It  is  only  necessary  to 
remark  one  objection,  which  must  have  alone  induced  him  to  reject  it. 
If  the  particles  of  heat  had  an  attraction  for  each  other  so  far  superior 
to  that  apparent  in  the  densest  bodies,  it  is  manifest,  that  it  would  not 
be  diffused  through  all  bodies,  but  would  collect  itself  into  masses  abso- 
lutely dense,  between  the  parts  of  which  the  atoms  of  no  other  bodies 
could  possibly  exist. 

Thirdly. — That  doctrine  of  the  nature  and  action  of  heat,  which  has 
been  much  received  of  late  years,  and  which  was  introduced  by  Dr. 
Cleghorn,  is  so  satisfactory,  and  conformed  so  nearly  to  the  phenomena 
of  the  actions  and  motions  of  heat,  that  it  may  be  considered  as  the 
true  explanation.  This  doctrine,  as  is  well  known,  considers  heat  as  a 
body,  whose  particles  are  mutually  repellent,  but  attract  those  of  all 
other  bodies,  with  various  degrees  of  force.  Hence  its  perfect  elasti- 
city, and  hence  its  presence  in  all  bodies,  but  in  various  quantities  in 
each. 

Previously  to  making  any  further  inquiry  into  the  laws  and  action 
of  heat,  I propose  to  weigh  the  facts,  which  have  been  considered  as 
objections  to  its  materiality,  and  to  state  various  arguments  in  proof  of 
its  materiality. 

The  following  facts  have  been  at  various  times  opposed  to  the 
material  doctrine  of  heat : 

1 . That,  when  many  bodies  are  subjected  to  percussion,  much  heat 
is  evolved.  Iron  may  even  be  raised  to  a red  heat.  The  explanation 
of  this,  which  has  been  given  by  others,  does  not  perhaps  place  the 
fact  in  quite  so  clear  a light,  as  the  following  : — Since  the  force  of 
cohesion  in  iron  is  very  powerful,  it  is  plain,  that  the  heat  between  its 
* Elements  of  Chemistry,  translated  by  Kerr,  page  72. 
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atoms  must  be  compressed  with  great  force,  and  must  exert  an  equal 
repulsion.  If  the  compressing  force  is  suddenly  increased,  so  also  must 
the  repulsion,  the  iron  being  somewhat  condensed.  But,  when  these 
forces  become  superior  to  the  affinity,  which  detains  the  heat  in  the 
iron,  it  is  manifest  that  part  of  the  heat  must  leave  the  iron,  and  this 
will  take  place  until  the  affinity  for  the  remaining  heat  becoming  very 
great,  little  or  none  can  be  evolved,  and  the  density  cannot  be  increas- 
ed.— This  explanation  is  verified  by  the  experiment.  Less  and  less 
heat  is  evolved,  at  every  succeeding  blow,  until  at  last  little  or  none 
can  be  driven  out,  and  here  condensation  ceases. 

2.  That  much  heat  is  made  sensible  by  the  friction  and  attrition  of 
many  bodies. 

Since  the  particles  of  heat  attract  so  powerfully,  the  atoms  of  all  other 
bodies,  as  to  enter  even  the  densest,  much  more  then  will  they  be  ac- 
cumulated on  the  surface  of  bodies,  and  endow  them  with  a repulsive 
force.  Hence  the  fact  that  two  plates  of  glass  cannot  be  brought  into  con- 
tact, as  Newton  has  shewn*.  But  if  two  bodies,  rubbing  againste  ach 
other,  have  this  superficial  heat  compressed,  with  a force  superior  to  that 
which  detains  the  most  distant  particles  of  it  (which  from  their  distance 
must  be  weakly  attracted),  it  must  happen,  that  part  of  the  heat  will 
be  separated,  while  the  friction  lasts,  and  will  be  renewed  as  soon  as 
it  ceases.  This  explanation,  which  I have  given  of  the  fact,  appears 
to  render  it  perfectly  conformable  with  the  material  doctrine  of  heat. 
As,  in  attrition,  both  the  forces  of  friction  and  percussion  on  compres- 
sion operate,  there  will  be  a double  cause  for  heat  becoming  sensible, 
which  has  been  just  explained  under  the  two  former  heads.  The  ex- 
periment of  Romford,  in  which  much  heat  was  evolved,  in  the  boring 
of  metal,  and  yet  the  parts  torn  off  appeared  to  possess  their  former 
capacity,  has  been  sufficiently  explained  by  Mr.  Dalton  in  these  words : 

“ The  fact  is,  the  whole  mass  of  metal  is  more  or  less  condensed,  by 
the  violence  used  in  boring,  and  a rise  of  temperature  of  70°  or  100°  is 
too  small  to  produce  a diminution  in  its  capacity  for  heat.  Does  Count 
Rumford  suppose,  that  if  in  this  case  the  quantity  of  metal  operated  on 
had  been  lib.  and  the  dust  produced  the  same  as  above,  that  the  whole 
quantity  of  heat  evolved  would  have  been  the  samef?” 

3.  The  fact,  that  heat  is  evolved,  in  the  sudden  change  of  gunpow- 
der, by  explosion  from  the  solid  to  the  aerial  state,  has  been  consider- 
ed as  an  objection  to  this  doctrine  of  heat;  for  this  appears  contrary  to 

* Treatise  on  Optics,  Query  31. 
t New  System  of  Chemical  Philosophy,  page  98. 
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the  known  law,  that  in  a change  from  a dense  to  a rarer  state,  heat  i3 
not  evolved,  but  on  the  contrary  becomes  latent.'  Though  this  is  al- 
most an  invariable  law,  in  a simple  change  of  any  solid  A,  into  a gas 
A ; yet  if  in  becoming  gaseous,  A undergoes  a change  into  another 
gas,  B,  an  absorption  of  heat  is  not  a necessary  consequence ; for  the 
heat  in  the  solid  A may  be  sufficient  to  keep  B in  the  state  of  gas, 
or  may  even  be  more  than  requisite,  in  which  case  some  heat  will  be 
evolved. 

Thus  the  oxygen,  in  the  nitre  of  the  gunpowder,  during  the  explo- 
sion combines  with  the  carbon  and  sulphur.  The  carbonic  and 
sulphureous  acid  gases  may  not  require  so  much  heat  for  their  existence 
in  the  gaseous  state,  as  is  afforded  by  the  solid  oxygen  ; hence  heat 
will  be  evolved.  If  the  experiments  of  Lavoisier  and  Crawfurd  may 
be  admitted  as  at  all  correct,  they  will  prove  the  justness  of  this  ex- 
planation. 

Lavoisief.  inferred  from  his  experiments,  on  the  combinations  of 
oxygen  gas,  that  in  nitre  it  retains  | of  the  heat,  on  which  its  gaseous 
state  had  depended.  Crawfurd  has  stated  the  capacity  of  oxygen  gas, 
as  much  greater  than  that  of  any  of  its  compounds,  and  hence  g of  its 
heat  will  be  more  than  sufficient  to  supply  the  latent  heat  of  the 
carbonic  and  sulphureous  acid  gases,  formed  in  this  instance. 

The  late  experiments  of  MM.  Clement  and  Desormes,  if  correct, 
would  show  that  the  capacity  of  carbonic  acid  gas  is  equal  or  superior 
to  that  of  oxygen,  and  would  increase  the  difficulty  of  the  explanation 
by  making  the  one  offered  inadmissible.  It  must  however  be  consi- 
dered, that  no  conclusion  can  be  drawn  with  regard  to  the  habitudes  of 
caloric  from  instances  of  sudden  and  violent  chemical  and  mechanical 
action.  Thus  no  small  part  of  the  heat  may  be  liberated  by  the 
resistance  offered  by  the  air  to  the  sudden  expansion  of  the  gases 
formed.  Whence  much  heat  that  would  have  been  latent  became 
caloric  of  temperature  at  the  moment  of  the  explosion,  and  whatever 
was  extricated  would  be  readily  absorbed  again  from  the  air  on  the 
diffusion  of  the  gaseous  products  of  the  powder. 

Again,  in  so  great  a chemical  change  we  cannot  from  any  established 
law  affirm,  a priori,  that  heat  should  be  either  liberated  or  absorbed. 
Admitting  the  capacity  for  heat  of  the  gaseous  products  to  equal,  or 
even  exceed,  that  of  the  gases  condensed  in  the  nitre  of  the  powder, 
it  does  not  all  follow  that  the  latent  heat  due  to  the  gaseous  state 
of  the  former  should  equal  that  of  the  latter  gases  ; and  these  appear  in 
nitre  to  retain  this  heat,  though  solidified  by  the  intensity  of  the 
affinities. 
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II. — On  Progressive  Development  in  the  cold-bloodedVertebrata.  By  D.W. 

Nash,  Asst.  Surgeon,  Beng.  Est.  A.  L.  S.  Corresp.  Member  S.  A, 

Among  the  many  important  considerations  embraced  by  the  theore- 
tical department  of  geological  science,  the  question  of  the  gradual 
transition  of  fossil  remains  in  the  strata  which  form  the  crust  of  our 
globe, — the  supposed  development  of  the  forms  of  organic  life  in  a 
progressive  and  ascending  series, — and  the  application  by  analogy  of 
this  hypothesis  founded  on  actual  observations  of  that  which  has  been, 
to  the  phenomena  which  are  daily  recognized  in  the  present  state  of 
things, — are  subjects  of  the  greatest  interest  to  the  geologist  and  natu- 
ralist, while  to  the  cause  of  science  in  general  their  elucidation  is  of 
considerable  importance. 

On  these  questions  the  most  eminent  authorities  among  modern 
geologists  are  divided,  and  though  not  perhaps  so  violent  in  the  expres- 
sion of  their  opinions  as  the  Neptunists  and  Plutonists  of  a former 
day,  the  advocates  and  opponents  of  the  theory  of  progressive  develop- 
ment have  entered  with  no  little  warmth  into  this  interesting  contro- 
versy. 

Mr.  Lyell  in  his  Principles  of  Geology,  in  speaking  of  the  conclu- 
sions arrived  at  by  Sir  H.  Davy  from  the  consideration  of  geological 
data,  expressly  states,  that,  “ the  theory  of  progressive  development 
of  organic  life  from  the  simplest  to  the  most  complicated  forms,  has 
no  foundation  in  fact.” 

On  the  other  hand  many  observers  equally  high  in  scientific 
reputation  have  imagined  that  they  see,  not  only  in  the  fossil  monu- 
ments of  former  worlds,  the  imperishable  evidences  of  a state  of 
things  differing  from,  and  antecedent  to,  that  now  under  our  observa- 
tion,— but  also  in  the  organization  of  the  present  inhabitants  of  our 
globe,  indisputable  proofs  of  a progressive  advance  to  perfection  in  the 
forms  of  organic  life. 

It  cannot  be  denied  that  the  fossil  remains  which  have  been  observed 
in  the  different  strata  of  the  earth’s  crust,  are  arranged  very  nearly 
in  the  order  which  the  animals  to  whom  they  belonged,  occupy  in  the 
natural  system  of  zoology ; — that  those  genera  which  zoologists  are 
agreed  in  considering  as  the  least  developed  forms  are  found  in  the 
lowest  or  most  ancient  formations,  and  that,  as  we  ascend  from  the 
primitive  through  the  transition,  secondary,  and  tertiary  rocks,  new 
and  more  perfect  forms  of  life  meet  us  at  every  step  of  the  investiga- 
tion. 
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Setting  aside  the  consideration  of  the  order  in  which  the  de- 
velopment of  the  invertebrate  classes  has  proceeded,  as  embracing  too 
wide  a field  and  requiring  a minute  investigation  of  the  anatomical 
relations  of  this  vast  class  of  animals,  the  cold-blooded  vertebrata 
appear  to  offer  the  most  convenient  opportunity  of  observing  the  ana- 
logies which  subsist  between  animals  of  the  same  type  of  conforma- 
tion, hut  differing  in  the  degree  of  perfection  at  which  their  various 
systems  of  organs  have  arrived. 

It  appears  that  at  one  period  of  the  earth’s  history — that  in  which 
the  deposition  of  the  secondary  formations  was  taking  place, — circum- 
stances were  highly  favorable  to  the  development  of  the  cold-blooded 
tribes  of  vertebrata.  The  oceans  swarmed  with  enormous  cephalopoda, 
with  gigantic  individuals  of  a saurian  race  which  has  long  since  vanish- 
ed from  the  surface  of  the  globe,  but  whose  remains  scattered  in  such 
profusion  through  the  oolitic  group  furnish  the  zoologist  with  data 
which  enable  him  to  fill  up  many  apparent  vacuities  in  the  scale  of  the 
creation. 

Nor,  as  might  have  been  expected,  if  we  determine  to  admit  the 
present  as  the  only  true  standard  by  which  to  judge  of  the  state  of 
things  in  past  epochs,  was  this  form  of  organization  chiefly  peculiar  to 
the  inhabitants  of  the  waters ; the  ancient  continents  contained  animals 
of  this  type  only  ; the  megalosaurus  and  the  iguanodon  peopled  the 
forests  ; the  banks  of  the  rivers  and  fresh-water  lakes  were  frequented 
bv  crocodiles  and  huge  salamanders,  while  the  pterodactyli  pursued 
their  prey  amid  the  palms,  the  cycadea,  and  the  tree  ferns,  of  the 
primeval  Flora.  But  not  until  after  the  deposition  of  the  great  cal- 
careous formation  do  we  find  any  trace  of  the  existence  of  a warm- 
blooded animal : not  even  the  most  strenuous  advocates  for  the  unifor- 
mity of  the  past  and  present  operations  of  nature  have  been  able  to 
prove  that  animal  life  had  progressed  so  far  as  the  development  of  the 
class  mammalia,  or  of  birds,  until  after  the  epoch  just  alluded  to. 

The  only  exception  to  be  made  with  regard  to  this  statement  is  met 
with  in  three  or  four  specimens  consisting  of  fragments  of  the  lower 
jaw  of  an  animal  which  has  been  pronounced  by  the  highest  authority  to 
have  been  a species  of  didelphis.  This  fossil,  discovered  in  the  Stones- 
field  slate,  a member  of  the  oolitic  series,  lying  below  the  cornbrash 
and  above  the  Bath  oolite,  contains  nine  similar  acuminated  molares, 
terminating  in  three  elevated  points ; but  as  no  living  didelphis 
possesses  this  number  of  molar  teeth  on  one  side  of  the  jaw,  and  as 
those  of  the  didelphis  present  the  characters  of  insectivorous  teeth. 
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it  may  be  permitted  to  entertain  a doubt  as  to  the  animal  to  which 
this  specimen  should  be  referred. 

The  shape  of  the  teeth  appear  to  indicate  a carnivorous  character 
in  the  animal  to  which  they  belonged,  and  bear  a considerable  resem- 
blance to  the  molares  of  the  seal. 

Supposing  this  to  be  the  case,  the  position  of  this  fossil  would  not 
be,  as  Mr.  Lyell  imagines,  as  fatal  to  the  theory  of  successive  deve- 
lopment as  if  several  hundreds  had  been  discovered,  since  its  appear- 
ance is  subsequent  to  the  period  in  which  the  great  Saurian  reptiles 
were  the  most  abundant;  and  should  it  prove  to  belong  to  the  genus 
phocaor  to  some  cetaceous  animal,  it  would  be  an  example  of  the  com- 
mencement of  the  type  of  mammalia  in  one  of  the  least  perfect  tribes 
of  the  order,  and  therefore  an  additional  argument  in  favor  of  the 
theory  it  is  intended  to  subvert. 

In  endeavoring  to  show  that  there  actually  does  exist  what  has 
been  called  a stimulus  of  perfection  in  the  organic  world,  it  will  be 
necessary  to  take  a system  of  organs  in  its  most  imperfect  form,  and  to 
investigate  the  steps  by  which  nature  has  succeeded  in  effecting  a 
series  of  gradual  improvements. 

Of  the  various  functions  conducing  to  the  preservation  of  the 
individual,  none  is  of  more  importance  than  that  by  means  of  which 
the  oxygenization  of  the  blood  is  effected,  and  this  fluid  rendered  fit 
for  repairing  the  waste  of  the  body,  and  supplying  materials  for  the 
growth  and  increase  of  the  different  organs.  The  development  of  the 
respiratory  and  circulating  systems  will  necessarily  be  in  a certain 
and  constant  ratio  to  each  other,  and,  wherever  we  see  a perfect  respi- 
ratory apparatus,  we  have  an  indication  of  a proportionally  complicated 
set  of  organs  for  the  circulation  of  the  blood,  and  consequently  an 
increase  in  the  irritability  and  nervous  energy  of  the  animal. 

The  respiration  of  the  embryo  in  warm-blooded  animals  is  at  first 
solely  cutaneous,  and  the  heart  consists  of  two  cavities,  both  systemic, 
as  no  respiratory  organs  are  developed.  The  systemic  ventricle  is 
then  divided  by  a septum,  and  the  right  ventricle  thus  formed  is  pro- 
longed into  a tube  which  opens  into  the  aorta  subsequently  to  the 
origin  of  the  branches  which  supply  the  upper  portion  of  the  trunk. 
This  prolongation  of  the  right  ventricle  is  called  the  ductus  arteriosus, 
and  from  it  are  given  off  small  branches,  which  goto  supply  the  lungs. 
The  circulation  is  now  that  of  a reptile,  the  heart  in  effect  consisting 
of  two  auricles  and  a ventricle  ; but  on  the  emergence  of  the  animal 
from  its  fcetal  state,  the  lungs  become  the  immediate  organs  of  respi- 
ration ; the  blood  is  more  perfectly  oxygenized ; the  irratibility  of  the 
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animal  increased  ; the  ductus  arteriosus  is  obliterated ; its  pulmonic 
branches  alone  give  a passage  to  the  blood,  the  whole  of  which,  now 
undergoing  the  necessary  changes  in  the  lungs,  is  sent  from  the  sys- 
temic side  of  the  heart  to  perform  its  functions  in  the  animal  system. 

There  is  now  therefore  a heart  of  four  cavities,  and  a perfect  system 
of  respiration,  in  short,  that  of  the  highest  type,  birds  and  mammalia. 
The  first  appearance  of  that  form  of  organization  which  runs  through  all 
the  vertebrated  classes  is  to  be  found  in  the  most  perfectly  developed 
tribe  of  the  invertebrata,  the  naked  cephalopoda.  The  chambered 
and  convoluted  shell  of  the  nautilus  and  the  ammonite  may  be  traced 
in  the  internal  skeleton  of  the  sepia,  which  consists  of  numerous  con- 
centric lamellae  of  carbonate  of  lime,  connected  by  an  infinite  number 
of  siphonculi  running  right  angles  to  them.  Now  suppose  each 
lamella  separated  from  that  next  to  it,  and  the  number  of  connecting 
siphonculi  reduced  to  one  between  each  lamina,  and  a polythalamous 
shell  will  be  produced. 

Still  higher  we  find  in  the  loligo  a single  cartilaginous  plate, 
somewhat  concave  anteriorly,  as  though  its  edges  were  approximating 
to  form  a tube,  enclosed  within  the  mantle,  and  lying  posterior  to  all 
the  organs  of  respiration,  circulation,  digestion,  &c..  This  cartilagin- 
ous plate  performs  the  office,  though  imperfectly,  of  a vertebral  column, 
forming  au  organ  of  protection  for  the  nervous  system.  The  carbonate 
of  lime,  so  universal  in  the  external  skeletons  of  all  the  Mollusca,  has 
here  entirely  disappeared,  as  though  preparatory  to  the  introduction 
of  a new  element  characteristic  of  the  skeletons  of  the  higher  classes, 
the  phosphate  of  lime.  By  a very  easy  transition  from  this  simple 
skeleton  of  the  loligo  we  pass  to  the  lowest  of  the  cartilaginous  fishes, 
where  in  the  petromyzon,  the  vertebral  column  presents  a form  almost  as 
rudimentory. 

The  respiratory  and  circulatory  apparatus  in  the  loligo  are  very 
nearly  the  same  as  in  fish,  being  entirely  aquatic  ; the  aeration  of  the 
blood  takes  place  in  the  branchiae,  placed  on  each  side,  hanging  freely 
in  the  cavity  of  the  mantle,  and  fixed  on  their  dorsal  aspect  to  cartila- 
ginous laminae,  which  may  be  considered  the  rudiments  of  branchial 
arches. 

The  blood  brought  by  the  venae  cavae  to  two  muscular  cavities 
called  auricles,  and  thence  sent  to  the  branchiae,  is  returned  to  a third 
muscular  heart,  to  which  the  name  of  ventricle  has  been  given.  There 
is  here  no  essential  difference  from  the  circulatory  organs  in  fishes, 
but  a lower  degree  of  development  is  indicated  in  the  permanent  dis- 
union of  the  muscular  hearts,  a concentration  of  organs  being  one  of 
the  most  characteristic  features  in  perfection  of  development. 
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In  the  most  simple  of  the  cartilaginous  fishes  the  vertebral  articula- 
tions are  not  distinguishable;  the  spinal  column  is  little  more  than  a 
cartilage  through  which  are  dispersed  granules  of  phosphate  of  lime, 
and  even  in  osseous  fishes  the  proportion  of  earthy  matters  contained 
in  the  skeleton  is  comparatively  small. 

The  normal  form  of  the  vertebrae  in  fish  is,  a cylindrical  body  with 
two  concave,  cup-like  articulating  surfaces  ; the  interval  between  two 
vertebrae  being  filled  up  by  a fibro-cartilage,  which  of  course  presents 
two  globular  surfaces  corresponding  to  the  cavities  of  the  vertebrae  ; 
this  circumstance  is  of  considerable  importance,  as  we  shall  be  able 
to  show  the  steps  by  which  a transition  from  this  form,  typical  in  fish, 
to  the  vertebra  of  a reptile  has  been  effected. 

The  lateral  development  and  extensive  mobility  of  the  intermaxil- 
lary bones  are  also  worthy  of  observation,  as  the  same  characters 
obtain  in  the  next  class,  the  Batrachia. 

In  the  petromyzon,  the  nervous  system  exists  in  a very  rudimentary 
condition — very  much  in  the  state  in  which  we  observe  it  in  the  em- 
bryo of  the  chick  ; two  delicate  cords,  placed  along  the  back,  and  giving 
off  from  their  sides  other  nervous  filaments. 

The  two  nervous  cords  developed  in  the  embryo  upon  the  serous 
layer  of  the  germinal  membrane  diverge  anteriorly  to  enclose  three 
spaces,  which  being  afterwards  filled  up  by  cineritious  matter  become 
the  medulla  oblongata,  the  optic  lobes,  and  the  hemispheres  of  the 
brain.  In  the  class  of  fishes  the  optic  lobes,  dedicated  to  the  supply 
of  organs  of  sensation  merely,  are  nearly  double  the  size  of  the 
hemispheres  ; but  as  we  ascend  in  the  scale,  the  latter  become  gradually 
larger  and  extended  backwards  in  proportion  as  the  former  are  retard- 
ed in  development,  and  also  in  some  indefinable  ratio  to  the  power 
and  extent  of  the  intellectual  faculties. 

The  organs  of  respiration  in  the  class  of  fishes  are  always  branchial, 
but  present  some  differences  in  the  two  great  divisions  of  the  order, 
the  cartilaginous  and  osseous  fishes.  In  the  latter  the  branchiae, 
formed  by  innumerable  ramifications  of  the  branchial  arteries,  hang 
suspended  from  the  branchial  arches,  having  their  outer  edges  free 
and  movable.  The  water  which  is  drawn  into  the  mouth  by  the 
action  of  the  os  hyoides  and  branchial  arches,  passes  over  these  vas- 
cular follicles,  and  escapes  by  an  opening  common  to  all  the  branchiae 
of  one  side,  and  defended  by  a valvular  structure  composed  of  an 
opercular  membrane  and  a bony  operculum. 

In  the  cartilaginous  fishes,  on  the  contrary,  with  the  exception  of 
two  families,  the  sturgeons  and  the  chimeras,  the  branchiae,  instead  of 
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having  a free  margin,  are  fixed,  being  connected  with  the  integument 
by  their  external  border.  The  consequence  of  this  conformation  is, 
that  the  water  which  passes  over  the  branchiae  makes  its  exit  through 
distinct  canals  opening  on  the  surface,  whose  number  varies  from 
four  to  seven  in  different  genera  of  the  order. 

In  all  this  may  be  observed  an  evident  tendency  to  a higher  degree 
of  development,  an  attempt  on  the  part  of  nature  to  cause  the  respi- 
ratory apparatus  of  the  most  perfect  of  the  class  of  fishes  to  assume 
the  appearance  of  that  possessed  by  the  most  inferior  among  reptiles, 
and  the  next  step  will  be  to  inquire  whether  there  is  not  to  be  found 
some  intermediate  state  between  the  two. 

The  larva  of  the  common  frog  is,  during  its  larva  condition,  bond 
fide,  a fish  ; its  respiration  is  aquatic ; its  circulation  double  ; it  possess- 
es four  brancbia?  on  each  side,  suspended  from  branchial  arches,  not 
enclosed  however  by  an  operculum  as  in  fish,  but  hanging  free  from 
each  side  of  the  neck.  The  heart  consists  of  two  cavities,  an  auricle 
and  a ventricle  ; the  whole  of  the  blood  passes  through  the  branchiae  by 
four  branchial  arteries  on  each  side;  it  is  returned  by  as  many  branchial 
veins,  which  afterwards  unite  to  form  the  abdominal  aorta.  This  cir- 
culation is  strictly  branchial  not  systemic,  and  is  in  every  respect  the 
circulation  of  a fish.  During  this  fish-like  condition  of  the  larva,  the 
spinal  cord  presents  no  enlargements  in  its  course,  and  extends  down 
through  a number  of  coccygeal  vertebrae ; at  this  period  also  the  optic 
lobes  are  larger  than  the  hemispheres  of  the  cerebrum,  as  in  fish. 

This  then  may  be  considered  to  be  the  intermediate  point  of  deve- 
lopment between  two  series  of  forms  of  animal  life,  and  here  is  the 
stage  from  whence  to  set  out  in  marking  the  changes  which  are  re- 
quired to  render,  not  only  the  same  type,  but  the  same  individual  capa- 
ble of  exercising  its  functions  in  a medium  very  different  from  that  in 
which  it  originally  existed. 

After  remaining  in  its  icthyoid  condition  for  an  indefinite  period  of 
time,  the  duration  of  which  is  influenced  by  a variety  of  circumstances 
immediately  affecting  the  development  of  the  animal,  as  temperature, 
the  action  of  light,  the  abundance  or  scarcity  of  food,  &c.  the  tadpole 
begins  to  undergo  certain  changes,  which  are  the  prelude  to  a complete 
metamorphosis;  changes  which  are  to  give  it  the  organs  and  habitudes 
of  a land  animal,  and  enable  it  to  act  a part  in  a situation  totally  foreign 
to  that  to  which  it  has  been  accustomed. 

This  first  of  this  series  of  changes  takes  place  in  the  nervous  system. 
The  direction  of  development,  which  has  hitherto  been  longitudinal, 
becomes  lateral ; the  spinal  cord  shrinks  up,  and  the  coccygeal  verte- 
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brae  of  the  tail  are  gradually  absorbed  ; enlargements  of  the  cord  are 
evident  at  the  points  where  the  organs  of  locomotion  are  to  be  pro- 
duced, and  shortly  after  these  organs  begin  to  display  themselves. 

At  the  same  time  an  important  change  takes  place  in  the  relative 
magnitude  of  the  hemispheres  of  the  brain  and  the  optic  lobes.  In 
fish,  as  before  stated,  the  optic  lobes  are  the  larger,  the  hemispheres 
having  attained  but  a very  inferior  degree  of  development  ; during  the 
metamorphosis  of  the  larva,  the  latter  rapidly  increase  in  size,  till  they 
have  become  considerably  larger  than  the  optic  lobes ; the  olfactory 
tubercles  are  no  longer  separated  from  the  hemispheres  ; the  whole 
cerebral  mass  having  assumed  a more  concentrated  form,  instead  of 
presenting  the  appearance  of  a number  of  imperfectly  united  ganglia. 

In  speaking  of  the  mode  in  which  the  blood  circulates  in  the  larva, 
I described  four  branchial  arteries  on  each  side,  passing  to  as  many 
respiratory  organs,  and  conveying  to  them  the  blood  which  is  to 
undergo  the  process  of  oxygenization. 

Synchronously  with  the  change  which  the  nervous  system  undergoes, 
this  mode  of  circulation  experiences  considerable  and  important  alter- 
ations ; — the  anterior  branchial  arteries,  which  are  so  many  subdivi- 
sions of  the  aorta,  are  obliterated — the  posterior  branchial  artery  alone 
remaining  pervious ; while  its  numerous  ramifications  are  reduced  to  a 
single  trunk,  the  union  of  which  with  the  artery  of  the  opposite  side 
forms  the  trunk  of  the  abdominal  aorta.  From  the  thoracic  aorta  is 
given  off  on  each  side  a small  pulmonary  twig,  which  now  becomes 
the  channel  through  which  the  blood  passes  to  the  organs  of  aeration. 

Another  remarkable  circumstance  is  the  change  which  now  takes 
place  in  the  form  of  the  vertebrae.  The  vertebra  of  a fish,  we  have  said, 
presents  two  cup-like  articular  surfaces,  the  space  intermediate  between 
two  vertebrae  being  filled  up  by  elastic  cartilage.  The  vertebrae  of 
reptiles  always  present  one  convex  and  own  concave  articular  surface, 
the  globular  head  of  one  vertebrae  fitting  into  the  concavity  of  the  one 
immediately  below  it,  so  as  to  form  a ball  and  socket  joint.  While  in 
the  tadpole  state,  the  vertebrae  of  the  animal  resemble  those  of  fish  ; 
but  it  was  observed  by  Dutrochet,  that,  at  the  period  when  the  change 
in  the  respiratory  apparatus  was  going  on,  the  intervertebral  substances 
became  ossified,  each  uniting  itself  to  the  vertebra  immediately  pre- 
ceding. 

When  the  metamorphosis  has  been  fully  accomplished,  the  lungs  of 
the  adult  animal  are  found  to  be  tolerably  perfect,  but  still  not  so 
minutely  cellular,  and  consequently  not  presenting  so  extensive  a sur- 
face for  the  aeration  of  the  blood  as  in  the  higher  reptiles.  Never- 
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theless,  the  respiratory  organ  would  appear  to  have  made  its  appear- 
ance in  so  perfect  a form  rather  suddenly  on  the  stage,  if  we  were  not 
able  to  trace  it  progress  towards  perfection  from  fishes  themselves 
through  other  members  of  the  Batrachian  tribe,  up  to  the  point  where 
we  have  seen  it  completely  formed,  and  capable  of  exercising  all  its 
functions  in  the  adult  frog.  For  this  purpose  we  must  return  to  our 
examination  of  the  class  of  fishes. 

All  fish,  with  the  exception  of  the  genus  pleuronectes,  are  furnished 
with  an  air-bladder,  for  the  most  part  entirely  isolated  from  any 
communication  with  the  atmosphere,  and  inflated  with  an  aeriform 
fluid,  secreted  sometimes  bv  the  internal  wralls  of  the  airsac  itself, 
sometimes  by  a distinct  glandular  organ  attached  to  it.  The  air  con- 
tained in  this  bag  is  found  to  vary  with  the  habitude  of  the  animal,  the 
quantity  of  oxygen  being  increased  in  proportion  to  the  depth  of 
water  which  it  inhabits. 

This  air-bag,  which  is  totally  imperforate  in  the  least  perfect  osseous 
fishes,  is  found  to  communicate  with  the  external  atmosphere  in  the 
most  perfect  osseous,  and  in  the  cartilaginous,  fishes  ; in  the  carp  it 
opens  by  a long  canal  into  the  stomach,  in  the  sun  fish  and  in  the  stur- 
geon it  communicates  with  the  oesophagus. 

In  the  proteus  anguinus  and  the  siren  lucertina,  animals  belonging 
to  that  division  of  the  Batrachia  called  perennibranchia , from  the 
circumstances  of  their  retaining  their  branchiae  and  their  aquatic  mode 
of  life  during  the  whole  term  of  their  existence — we  find  two  air  sacs, 
very  similar  in  appearance  to  the  air-bladders  of  fishes,  each  communi- 
cating by  a narrow  membranous  tube  with  the  pharynx.  Upon  these 
sacs  a minute  branch  sent  off  previously  to  the  origin  of  the  branchial 
arteries,  is  seen  to  ramify,  but  the  influence  which  can  be  exerted  on 
the  circulation  by  this  means  is  too  slight  to  be  taken  into  considera- 
tion. 

Advancing  one  step  higher  in  the  scale,  we  come  to  animals 
which  at  a certain  period  of  their  life  lose  the  organs  of  aquatic 
respiration,  and  breathe  atmospheric  air  only  by  means  of  lungs — in 
short,  undergo  the  metamorphosis  we  have  been  considering  in  the 
larva  of  the  frog. 

This  change  is  first  observed  in  the  tritons  or  salamanders, 
belonging  to  that  family  of  Batrachia  which  from  the  circumstances 
indicated  has  derived  the  epithet  cadvcibranchice.  In  these  animals 
the  lungs  still  retain  the  form  of  simple  sacs,  in  the  upper  and  back 
part  of  which  a cellular  structure  and  more  complex  ramification  of 
the  pulmonary  vassels  begins  to  appear — a structure  which  is  at  length 
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perfected  in  the  family  of  the  Crocodilida,  where  the  most  complete 
svstem  of  respiration  obtains  among  reptiles. 

It  has  now  been  shown,  that  in  the  two  great  systems  which  exer- 
cise the  most  important  influence  over  the  development  of  the  animal, 
there  is  a gradual  and  well-marked  progression  towards  perfection  in 
the  organs  by  aid  of  which  these  functions  are  performed  ; and  that 
it  does  not  require  the  aid  of  the  imagination  to  trace  the  steps  by 
which  the  simple  air-sac  of  the  sturgeon  has  passed  through  the  inter- 
vening stages  in  the  proteus  and  the  triton  to  the  elementary  lung 
of  the  frog  and  the  more  perfect  organ  of  the  crocodile. 

It  will  be  as  easy  to  show  that  the  same  system  of  gradual  progression 
has  been  followed  throughout  all  the  members  of  the  series  : the  links 
which  unite  Batrachia  with  the  Ophidian  reptiles,  and  these  latter  with 
the  Saurian  tribes,  are  too  evident  to  render  necessary  a lengthened 
detail. 

In  the  genus  ceecilia  we  are  supplied  with  the  form  which  connects 
the  Batrachia  with  the  serpent  race.  The  auricle  presents  a partial 
septum,  an  indication  of  the  change  to  be  effected  in  the  heart  of  the 
true  serpents,  where  there  are  three  distinct  cavities.  In  the  arrange- 
ment of  the  teeth  upon  the  maxillary  and  palatine  bones,  the  ccecilia 
resembles  the  proteus,  but  in  the  shape  of  the  teeth  comes  nearer  the 
true  Ophidia. 

With  regard  to  t]pe  respiratory  organs,  the  left  lung  is,  as  in  ser- 
pents, retarded  in  development.  The  skin  is  soft  and  naked  as  in  Ba- 
trachia, but  according  to  Baron  Cuvier,  it  contains,  within  its  substance, 
small  scales  regularly  disposed  in  transverse  bands.  The  true  serpents 
are  separated  from  the  Saurian  reptiles  by  the  total  absence  of  any  ves- 
tige of  sternum  or  extremities  ; this  is  the  most  prominent  character, 
and  will  therefore  be  the  most  easily  traced. 

If  we  passed  at  once  from  Ophidia,  where  extremities  are  totally 
wanting,  to  the  lizards  where  they  are  perfectly  formed,  we  might  sup- 
pose that  there  had  been  a sudden  production  in  one  order,  of  an  organ, 
of  which  we  had  observed  no  elementary  condition  in  the  order  imme- 
diately preceding  ; a circumstance  entirely  at  variance  with  all  that 
has  hitherto  been  observed. 

But  in  this  instance,  as  in  every  other,  there  have  been  successive 
stages  through  which  the  organs  of  locomotion  have  passed.  There  is 
a small  family  of  reptiles  placed  between  Sauria  and  Ophidia,  in  whom 
these  organs  are  seen  to  be  gradually  developed.  In  the  anguis  and 
the  ophisaurus  a rudimentary  sternum  and  pelvis  are  concealed  beneath 
the  integuments ; in  the  scheltopusik  a small  femur  has  been  added, 
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which  here  commences  to  display  itself  externally.  From  hence  the 
gradual  progress  of  the  organ  may  be  traced  through  the  chirotes,  the 
bipes  and  the  seps. 

In  the  same  way  may  be  seen  the  gradual  increase  in  the  size  of  the 
left  lung  which  had  been  retarded  in  growth  in  Ophidia — and  the  pro- 
gressive perfection  of  the  organs  of  sense,  of  the  osseous,  and  of  the  ner- 
vous systems.  With  regard  to  Chelonia,  the  highest  in  the  class  of  cold- 
blooded vertebrata,  the  consideration  of  the  numerous  analogies  which 
their  anatomical  structure  shows  to  exist  between  them  and  warm- 
blooded animals,  the  commencement  of  a perfect  division  of  the  ven- 
tricle, and  the  evident  transition  from  these  animals  to  the  class  of 
birds,  are  subjects  which  would  extend  this  paper  beyond  the  limits  of 
a brief  memoir. 

In  the  endeavour  to  trace  the  connection  between  these  different 
tribes  of  animals,  it  is  to  be  remembered  that  the  materials  for  investiga- 
tion are  comparatively  few  ; that  unacquainted  as  we  are  with  the  inter- 
nal structure,  and  more  minute  anatomical  relations  of  the  extinct 
races,  we  are  deprived  of  the  evidence  most  material  to  our  cause  ; yet 
imperfect  as  our  knowledge  of  these  animals  must  necessarily  be,  we 
are  able  to  trace  in  their  analogies  with  existing  genera,  a type  inter- 
mediate between  two  important  divisions  of  the  animal  kingdom,  and 
occupying  permanently  the  station  now  held  temporarily  by  Batrachia 
during  their  metamorphosis. 

Examples  of  this  kind,  where  the  intermediate  stages  apparently 
wanting  in  our  systems  of  zoology  are  to  be  discovered  in  the  ancient 
strata  of  the  earth,  are  very  numerous.  Among  the  fossil  Echinoder- 
mata  in  the  chalk  formation,  the  gradation  of  development,  from  the 
flattened  and  ramified  euryale,  through  the  clypeaster,  the  sentella, 
the  ananchite,  the  galerite  and  the  spatangus,  to  the  concentrated 
and  spherical  form  of  the  cidaris  and  echinus,  must  strike  the  most 
cursory  observer.  The  tertiary  strata  of  the  Paris  basin,  have  furnish- 
ed us  with  the  links  which  were  wanting  in  the  order  Pachydermata  to  fill 
up  the  hiatus  which  separated  the  pig  and  the  tapir  from  the  ele- 
phant. 

If  these  observations  be  correct,  no  organ  or  system  of  organs,  nor 
any  new  type  in  the  animal  world,  can  be  said  to  have  suddenly  appear- 
ed on  the  stage  of  existence.  There  are  certain  laws  to  which  nature 
herself  is  compelled  to  submit,  and  by  which  all  her  operations  must  be  re- 
gulated ; and  notwithstanding  the  weight  which  attaches  to  the  opinions 
of  the  learned  professor  already  quoted,  I cannot  help  believing  that 
amongst  them  is  to  be  found  the  law  of  progressive  development. 
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III. — Some  Geological  Remarks  made  in  the  country  between  Mirzapdr 

and  Sugar,  and  from  Sugar  Northwards  to  the  Jamna.  By  the  Rev. 

R.  Everest,  F.  G.  S.  8<c. 

Mirzapdr  is  situated  on  a kankar  bank  on  the  southern  side  of  the 
Ganges,  and  somewhat  higher  above  the  level  of  the  water  than 
these  banks  usually  are.  The  steep  side  of  it,  towards  the  river,  shows 
a section  of  strata  similar  to  what  is  usually  observed  in  this  formation, 
viz.  beds  of  clay  and  calcareous  marl  of  different  colours  with  nodules 
of  limestone  imbedded  in  them.  The  lowermost  of  these  beds  exhibit 
some  inclination  and  faults  in  particular  places,  which  indicate  that 
they  have  suffered  some  disturbance  since  their  deposition.  Upon 
these  the  upper  beds  rest  horizontally  and  unconformably.  One  or  two 
casts  of  shells  (apparently  fresh-water)  and  some  small  fragments  of 
vegetable  stems,  were  the  only  remains  I could  observe.  But  the 
appearance  of  the  kankar  nodules  here  marks  more  strongly  their 
origin  than  in  any  place  I have  yet  seen.  They  are  mostly  of 
the  form  of  stalactites,  from  the  size  of  a finger  to  that  of  a wrist  in 
thickness,  and,  when  broken,  shew  a compact,  splintery,  bluish-grey 
limestone,  with  occasionally  minute  scales  of  silvery  mica  disseminated 
through  it.  Occasionally  too  they  are  dependent  from  the  roofs  of 
small  cavities  in  the  clay-beds,  and  at  other  times  spread  out  into 
layers,  so  as  to  form  a complete  seam  of  limestone.  Before  quitting 
the  subject  of  kankar,  I wish  to  notice  a remark  I have  sometimes 
heard  made,  that  probably  the  formation  of  kankar  is  yet  going  on. 
Mr.  Piddington  alludes  to  this  in  his  remarks  on  the  silt  deposited  by 
the  river  Hugh,  and  from  his  analysis  it  would  appear  that  the  quan- 
tity of  carbonate  of  lime  in  the  silt  is  considerable.  That  kankar  may 
be  yet  forming  in  many  places  where  calcareous  springs  are  now 
running,  cannot  admit  of  doubt ; but  that  it  is  at  present  depositing 
from  the  waters  of  the  Hugh  or  Ganges  I am  inclined  to  disbelieve. 
For,  were  this  actually  the  case,  we  might  expect  to  find  kankar  on 
low  tracts  that  had  been  flooded,  after  the  retiring  of  the  annual  inun- 
dations ; whereas  the  very  reverse  of  this  happens.  As  far  as  my  experi- 
ence goes,  kankar  is  never  found  on  the  low  grounds  that  are  inundat- 
ed. On  the  contrary  the  kankar  banks  are  the  only  parts  of  the 
country  that  remain  several  feet  above  the  level  of  the  highest  floods*. 

* Considerable  deposits,  however,  of  saline  matter  are  to  be  found  on  lands 
overflowed  by  the  Jumna,  when  the  rains  are  over ; which,  of  course,  are  a recent 
formation : but  the  saline  deposits,  as  I have  noticed  elsewhere,  are  usually  above 
the  present  level  of  the  floods. 
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At  the  distance  of  four  or  five  miles  to  the  south  of  Mirzapur  we 
come  to  the  sandstone  range,  about  200  feet  high,  and  presenting  a 
steep  escarpment  to  the  alluvial  plain  at  its  base.  Thence  it  sweeps 
round  in  a N.  W.  direction  to  Vinddchal,  where  it  may  be  traced 
nearly  to  the  bank  of  the  river.  The  front  of  it  towards  the  water 
is  covered  with  rounded  boulders  nearly  to  its  summit.  From  hence 
this  range  extends  to  Chunar,  as  may  be  seen  in  Captain  Franklin’s 
map,  and  east  of  that  to  a place  called  Jemorah,  where  I have  before 
mentioned  it  as  occurring.  It  preserves  here  the  same  character  as 
at  that  place,  viz.  that  of  a small-grained,  highly  consolidated  sandstone 
approaching  to  quartz  rock,  usually  of  a greenish  grey  or  faint  pink 
colour,  and  splitting  into  large  slabs  of  divers  thicknesses.  At  Vinddchal 
the  general  dip  is  to  the  west  at  an  angle  from  5°  to  20°.  Further  to 
the  east,  where  the  road  to  Sugar  ascends  it  at  the  pass  of  Tdru,  the 
dip  is  to  the  west,  and  scarcely  perceptible.  At  the  Turd  waterfall  a 
deep  section  may  be  seen  of  it.  It  presents  no  variety  of  character, 
nor  is  it  at  all  interstratified  with  marls  or  shales.  At  the  foot  of  the 
pass  I found  an  efflorescence  of  soda  on  a kankar  bank,  similar  to  what 
occurs  in  the  plain  to  the  N.  W.  of  Ghdzipur. 

After  ascending  the  pass  we  travel  over  a country  nearly  flat  and 
covered  with  soil  and  vegetation.  About  20  miles  further  on,  at 
Ldlganj,  the  rock  was  laid  bare  in  the  bed  of  a small  nullah  dipping 
slightly  to  the  north.  The  soil  above  it  contained  pieces  of  kankar 
and  iron  ore,  similar  to  what  occurs  about  Bankdra  and  elsewhere. 
Nine  miles  further  on  in  the  bed  of  the  Balan  river,  the  rock  was  ex- 
posed with  a slight  dip  to  the  west.  At  the  foot  of  the  Kattra  pass  (for 
the  situation  of  which  I beg  to  refer  to  Capt.  Franklin’s  map,  (Trans. 
Phys.  Cl.  vol.  i.)  I met  with  soda  efflorescing,  and  kankar,  at  the  side 
of  a ravine,  as  I had  done  before  at  Tdru.  From  Kattra  the  road 
winds  up  a precipitous  ascent  over  strata  of  sandstone  dipping  to 
the  N.  W.  The  sandstone  does  not  appear  to  differ  from  that  of  the 
lower  platform  from  Kattra  to  Turd,  but  it  is  here  interstratified  with 
thick  beds  of  red  and  greenish-grey  marl-slate,  and  rarely  with  thin 
layers  of  a rock  resembling  greywacke,  rather  dark-coloured  but  con- 
taining pieces  of  slate  imbedded.  At  ft Jowganj,  two  marches  beyond 
Kattra,  the  dip  of  the  rock  was  N.  E.  at  an  angle  of  from  10°  to  15°, 
as  seen  in  the  bed  of  the  nala.  At  Lour,  a little  further  on,  they 
were  quarrying  a slaty  marl,  with  shining  facets  and  white  streaks 
running  through  it.  These  streaks  are  calcareous  and  effervesce  strong- 
ly with  acids.  Pieces  of  a compact  splintery  limestone  are  also  to  be 
found  lying  about  on  the  surface.  The  strata  here  are  horizontal.  In  the 
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Pakariga  nala,  between  Lour  and  Mangowa,  we  first  came  to  a thick 
slaty  limestone,  generally  whitish,  earthy,  and  marly,  and  varying 
to  yellowish,  greyish,  and  fine  splintery.  At  Mangowa  the  dip  was 
to  the  north,  a red  slaty  marl.  About  this  part  of  the  country  we  begin 
to  see  a distant  range  of  hills,  hounding  our  prospect  to  the  south  and 
south-west, — the  Kymur  hills  ; judging  from  the  outline,  they  appear  to 
be  sandstone  with  a horizontal  stratification,  and  look  as  if  a third 
platform  or  table-land  existed  in  that  direction.  Beyond  Raypur  a 
low  hill  appeared  to  the  south  of  the  road,  of  a thick  slaty  limestone 
similar  to  that  at  Pakhdriga : the  dip  very  slight  and  irregular; 
layers  of  a black  kind  of  porphyry  are  interstratified  with  it.  This 
black  rock  sometimes  changes  suddenly  to  white,  and  appears  vitrified 
exactly  like  porcelain.  At  Rewah  the  limestone  was  extensively  laid 
bare  in  the  bed  of  the  river,  but  it  is  here  principally  massive,  passing 
from  greyish  to  bluish  black  and  black,  and  exactly  resembling  the 
mountain  limestone  of  England.  At  Rdmpur,  one  march  beyond 
Rewah,  strata  of  red  and  variegated  marl,  most  of  them  calcareous, 
were  exposed  in  the  bed  of  the  rivulet  for  two  or  three  miles  to  the 
south  ; — dip  slight  to  the  north.  Beyond  Rdmpur  the  same  bluish 
black  limestone  appeared  as  at  Rewah.  At  Putrdhat  a similar  lime- 
stone was  resting  on  the  variegated  marl  slates,  with  a slight  dip  to 
the  north.  Near  Lohdwel  we  passed  over  horizontal  beds  of  a crumb- 
ling green  and  red  marl  for  a considerable  distance.  At  Ndgowar  a 
similar  limestone  appeared  to  that  at  Patrdhat,  resting  like  it  upon 
the  marl  slate.  But  it  here  appears  to  abound  in  what  I believe  to  be 
coralline  remains,  I might  rather  say,  to  be  entirely  composed  of 
them.  I forbear  describing  them,  as  I have  sent  specimens  with  this 
paper,  which  can  be  examined  by  those  who  have  means  of  reference 
at  hand*.  I was  not  fortunate  enough  to  discover  any  of  the  stems  of 
ferns  and  gryphite  shells,  described  by  Capt.  Franklin;  nor  in  my 
whole  journey  over  this  limestone  did  I meet  with  any  other  kind  of 
organic  remains  than  the  one  I have  just  now  spoken  of,  though  I 
made  diligent  search  for  them  during  a whole  fortnight.  They  must, 
therefore,  be  extremely  rare,  and  in  this  respect  the  limestone  differs 
widely  from  any  of  the  English  limestones  above  the  new  red  sand- 
stone. From  this  place  we  passed  alternately  over  strata  of  sandstone, 
red  marl  slate,  and  limestone,  without  being  able  to  trace  their  con- 
nection with  each  other,  until  we  came  to  Hattah.  Here  on  the  slope 

* The  specimens  are  deposited  in  the  As.  Soc.  Museum  : but  their  nature  has 
not  been  ascertained.  They  are  identical  with  what  Franklin  named  “ stems  of 
ferns.”  See  As.  Res.  xviii.  p.  29. — Ed. 
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to  the  east  of  the  village  were  horizontal  strata  of  sandstone  exposed 
to  view  ; at  the  first  nala,  lower  down,  was  a whitish  argillaceous 
limestone  overlaid  by  sandstone ; at  a nala  still  lower  down,  layers 
of  sandstone,  limestone,  and  red  marl  slate  were  to  be  seen  interstratified. 
A few  miles  further  on,  at  Nagar,  a low  cliff  on  the  side  of  the  river 
Sonar  shewed  a section  of  the  strata  as  follows : uppermost  layers, 
sandstone  ; — middle,  red  marl  slate  ; — lowest  (in  bed  of  the  river)  argil- 
laceous limestone.  I had  before  conjectured  that  this  would  be  the  case 
from  the  continual  alternations  of  sandstone  and  limestone,  every  mile 
or  two  along  the  road  by  which  we  had  travelled,  though  both  were 
horizontally  stratified,  and  little  or  no  difference  of  level  was  to  be 
noticed.  This  led  me  to  conclude  that  the  limestone  was  of  no  great 
thickness,  nothing  more  indeed  than  a bed  in  the  sandstone,  and  the 
appearances  I have  now  described  at  Hattah  and  Nagar  confirm  this. 
Capt.  Franklin  speaks  of  the  limestone  being  not  more  than  100  feet 
thick  upon  the  sandstone,  I have  never  found  it  10  feet  thick,  without 
layers  of  sandstone  interstratified.  Beds  of  limestone  of  a similar 
kind  do  not  appear  to  be  uncommon  in  this  formation  : near  Cheyn- 
pur,  about  35  miles  to  the  south  of  Ghuzipur,  I had  an  oppor- 
tunity of  examining  one  of  these.  The  sandstone  range  there  presents 
nearly  the  same  appearance  as  at  the  back  of  MirzapUr,  except  that 
it  is  somewhat  higher,  and  the  dip,  as  far  as  I traced  it,  (which  was 
about  20  miles  to  the  eastward)  is  inwards,  or  to  the  south  and  south- 
west. At  a place  called  Mussaye  the  limestone  may  be  seen  cropping 
out  at  the  base  of  a sandstone  hill,  and  dipping  at  a considerable  angle 
to  the  south.  It  is  usually  slaty,  but  varies  much  in  character  in 
other  respects,  passing  from  grey  to  black,  and  then  resembling  the 
English  mountain  limestone.  No  remains  could  be  found  in  it,  but 
about  10  miles  to  the  eastward  it  is  seen  again  at  Bitrdband.  But  I 
have  neither  seen,  here  nor  elsewhere,  any  of  the  beds  of  loose  slate 
and  clay  that  accompany  the  lias  in  England.  Were  it  necessary  to 
class  these  with  any  of  the  European  formations,  transition  limestone 
would  be  the  most  proper  name  for  them.  Though  it  is  certainly  more 
correct  to  consider  them  merely  as  beds  in  the  sandstone ; which  sand- 
stone, it  must  be  remembered,  is  never  found  reposing  on  any  but 
primitive  rock. 

As  we  leave  Patteria,  the  easternmost  extremity  of  the  hills  of  trap 
fronts  us,  and  the  road  winds  along  it  for  some  distance.  For  30  or 
40  miles  to  the  east  of  this  the  strata  of  sandstone  had  become  broken 
and  disturbed,  dipping  in  various  directions.  Rolled  pebbles  of  sand- 
stone and  pieces  of  agate  and  chalcedony  are  seen  lying  about,  not 
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confined  to  the  water-courses  and  lowest  grounds,  but  extending  over 
the  highest  ridges.  Near  Patteria,  the  bank  of  the  Sonar  shewed  a 
section  of  a bed  of  pebbles  several  feet  thick,  containing  fragments  of 
shells  of  the  genera  cyclas,  paludina,  and  unio.  At  Usldma  I observ- 
ed a curious  appearance,  which  would  lead  to  the  inference  that  kankar 
nodules  and  the  soil  in  which  they  are  imbedded  were  deposited  on  the 
sandstone  at  a time  when  the  latter  was  in  a state  very  different  from 
what  it  is  at  present,  viz.  soft  and  flexible.  At  first  sight  it  appeared 
that  the  kunkar  and  soil  were  interstratified  with  the  upper  layers  of 
sandstone ; but  on  looking  further  it  seemed  that  both  had  come  in 
from  above  through  a fissure  in  the  rock,  and  that  the  layers  at  the 
edge  of  this  fissure  had  been  bent  downwards,  as  if  by  the  superin- 


cumbent weight. 


layers  of  sandstone, 
kankar  and  soil. 


Now  no  pressure  however  applied  is  sufficient  to  bend  a layer  of  sand- 
stone in  its  present  state.  In  the  ruined  palace  of  Akbar  at  Fatteh- 
pur  Sikri,  many  slabs  of  sandstone  that  have  formed  parts  of  the  roof 
of  the  building  may  be  seen  broken  asunder  from  long-continued  pres- 
sure, but  none  of  them,  though  there  are  many  entire,  are  in  the 
slightest  degree  bent. 

At  a short  distance  beyond  Patteria  the  road  passes  over  a white 
earthy  limestone  rock,  containing  sandstone  gravel  imbedded.  This, 
in  some  places,  loses  all  massive  appearances,  and  becomes  a collection 
of  nodules  not  differing  from  kankar.  They  are  however  more  white 
and  earthy,  approaching  to  the  nature  of  chalk,  than  I have  met  with 
in  the  country  to  the  eastward.  As  we  advance,  the  peculiar  outlines 
of  basalt  present  themselves  in  the  country  round.  The  road  soon 
crosses  what  has  apparently  been  a stream  or  coulee,  and  has  taken 
the  lowest  ground.  It  is  dark-coloured,  nearly  black,  and  considerably 
cellular  on  the  outside ; yet  this  is  an  effect  only  produced  by  weather- 
ing ; within,  it  is  a solid  hard  basalt,  of  great  specific  gravity,  and 
containing  olivine  imbedded.  The  surface  of  the  soil  in  the  country 
round  is  strewed  with  large  round  balls,  resembling  the  volcanic  bombs 
of  volcanic  districts  : but  they  too,  although  scoriaceous  on  the  out- 
side, are,  within,  a solid  basalt.  With  these  are  found  abundance  of 
agate  and  chalcedony.  These  appearances  continue  all  the  way  to 
Sugar,  and  the  rock  does  not  differ  in  character,  except  that  it  some- 
times becomes  of  a lighter  colour,  and  is  then  in  a high  state  of  de- 
composition, crumbling  under  the  hand.  Three  or  four  miles  before 
reaching  Sugar,  where  the  road  had  been  cut  through  the  rock,  a 
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ridge  of  basalt  affecting  the  columnar  form  is  seen  resting  upon  a 
lighter  coloured  stratum,  which  shews  by  its  state  of  decomposition, 
its  great  antiquity.  From  all  I have  been  able  to  see  or  learn  of  this 
formation  from  others,  it  appears  every  where  to  preserve  great  uni- 
formity of  character,  and  resembles  (as  stated  by  Mr.  Lyell  when 
speaking  of  it  on  the  banks  of  the  Nerbudda)  the  currents  of  prismatic 
lava  in  Auvergne.  Currents  of  porous  lava,  cones  of  cinders,  scoria, 
pumice,  ashes,  all  those  products  that  peculiarly  belong  to  modern  vol- 
canic formations,  are  wanting.  We  meet  every  where  with  a compact 
heavy  basalt,  with  olivine  sometimes  and  augite  crystals  imbedded,  and 
agates,  chalcedony,  and  jasper  in  great  variety  and  abundance.  And 
though  some  of  the  currents  appear  to  have  taken  the  lowest  ground,  yet 
their  outlines  are  so  worn  down  and  effaced,  and  their  surfaces  are  so 
deep  in  soil  and  vegetation,  that  it  is  difficult  to  assert  even  this  with 
certainty. 

About  a mile  distant  from  Sugar  many  white  blocks  appear- 
ed by  the  road  side,  which  I at  first  mistook  for  a kind  of  trachyte, 
from  the  peculiar  rugged  appearance  of  them  : add  to  this,  that  crys- 
tals are  disseminated  in  the  porous  earthy  base,  looking  just  like  the 
crystals  of  glossy  felspar  in  that  mineral.  On  minuter  inspection, 
however,  it  is  nothing  but  limestone.  Its  softness,  its  strong  efferves- 
cence in  acid,  and  specific  gravity,  (2.67)  separate  it  from  every  sub- 
stance with  which  it  might  be  confounded.  Besides  the  form  I have 
mentioned,  it  sometimes  becomes  altogether  earthy,  and  then  reminds 
us  of  the  most  common  form  of  deposits  from  calcareous  springs  : at 
other  times  it  is  altogether  crystalline,  and  then  passes  into  a fibrous 
form,  resembling  satin-spar,  or  calcareous  alabaster.  It  has  been 
deposited  at  the  side  of  a coulee  of  basalt,  and  it  is  here  that  Capt. 
Sleeman  discovered  the  remains  of  palm  trees  changed  to  a brown- 
coloured  flint,  or  rather  jasper.  As  one  kind  of  palm  tree  (the  date 
palm,  I believe)  yet  commonly  grows  by  the  side  of  most  running 
streams  in  this  part  of  the  country,  we  have  no  reason  to  suppose 
any  change  of  climate  to  account  for  their  appearance  here.  The 
manner,  however,  in  which  they  are  scattered  through  the  soil  is  not 
so  easily  explained.  They  are  usually  found  above  the  solid  stratum  of 
calc-tuff,  and  a trunk  is  seldom  found  entire  ; but  they  are  in  sharp  angu- 
lar* fragments,  as  if  they  had  been  shattered  by  a violent  blow  : with 
them  are  pieces  of  the  calc-tuff,  which  is  found  below.  In  the  short 
distance  from  Patteria  to  Sugar  we  had  met  with  two  of  these  for- 

* Nor  do  we  find  traces  of  any  such  substances  disseminated  through  the 
tufaceous  limestones,  as  is  commonly  the  case  in  volcauic  tuff. 
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mations*.  They  are  nothing  but  kankar  somewhat  more  developed, 
and  probably  were  deposited  at  a period  when  the  continent  was 
raised  above  the  level  of  the  surrounding  ocean.  Among  the  remains, 
however,  from  the  neighbourhood  of  Jabalpur,  which  appear  also 
to  have  come  from  a recent  calcareous  deposit,  are  shells  which  appear 
to  be  marine.  At  Tuismahl,  about  30  miles  north-east  from  Sugar, 
I had  an  opportunity  of  observing  another  mineral  more  largely  de- 
veloped than  I had  seen  it  in  the  country  to  the  eastward.  This  is 
the  hydrated  iron  ore,  which  occurs  in  loose  pieces  about  Bardwdn 
and  Bankura,  often  accompanied  by  kankar.  It  is,  I believe,  the 
laterite  of  Dr.  Buchanan,  and  here  forms  the  summit  of  the  Tuismahl 
hill  in  a bed  of  many  feet  in  thickness.  For  the  reason  why  a 
deposit  from  springs  can  thus  cap  an  isolated  hill  rising  out  of  a plain, 
I must  refer  to  M.  Montlosier’s  ingenious  explanation  of  the  isolated 
peaks  and  platforms  of  basalt  in  Auvergne.  This  mineral  is  largely 
developed  in  the  country  to  the  north  of  Tuismahl,  and  is,  I believe, 
the  ore  which  is  usually  smelted  for  iron. 

We  left  Tuismahl  in  a N.  W.  direction,  and  soon  came  upon 
the  sandstone  again.  It  is,  to  be  sure,  occasionally  to  be  seen 

in  isolated  ridges  rising  out  of  the  basalt  ; but  now  this  latter 
disappears,  and  it  becomes  the  formation  of  the  whole  country 
round  us.  We  find  the  basalt  again  some  miles  before  reaching 
Issdgarh,  a fortress  about  50  miles  north  of  Seronj,  and  it  here 
shews  more  symptoms  of  a recent  formation  than  I have  yet  seen. 
The  couleds  are  better  defined  ; they  have  evidently,  in  some  places, 
taken  the  lowest  ground,  and  their  surface  is  yet  rugged  in  a 
degree,  but  their  composition  is,  as  before,  a solid  basalt.  We  quit 
the  basalt  altogether  at  Issdgarh,  and  come  upon  the  sandstone,  which 
we  travel  upon  to  Pahdrgarh,  about  30  miles  west  of  Gwalior,  where 
we  descend  into  the  plain,  and  find  ourselves  again  among  kankar 
banks  and  ravines.  The  sandstone  remains  unaltered  in  character.  In 
the  bed  of  the  Betwa  it  was  quartz  rock.  In  the  country  round  Delhi 
it  is  usually  quartz  rock,  nearly  perpendicular,  and  dipping  to  the 
eastward.  A few  miles  to  the  south  of  Pahargarh  I observed  a pecu- 
liar appearance  of  the  kankar.  It  forms  a calcareous  cement  to  a bed 
of  rounded  pebbles,  and  above  this  forms  another  bed  similar  to  those 
which  are  to  be  seen  so  frequently  on  the  banks  of  the  Ganges. 

* There  is  no  known  force  but  that  of  an  earthquake  that  could  produce  such 
effects.  From  Dr.  Spilsbury’s  account  of  the  fossil  shells  he  found  near  Jabal- 
pkr,  they  appear  to  be  scattered  through  the  soil  in  a similar  manner. 
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IV. — On  the  Native  Alum  or  Salajit  of  Nepal.  By  A.  Campbell,  Assistant 

Surgeon,  S$c. 

In  the  number  of  the  Asiatic  Society’s  Journal  for  June  last,  there  is  a 
notice  and  analysis  of  one  of  the  mineral  productions  of  Nepal  called  “ Sa- 
lajit,” or,  by  the  natives  of  this  place  more  commonly  “ Pathar  ka  Passeo” 
or  simply  “ Passeo”  (Sweat).  As  the  analysis  was  furnished  by  Mr.  Steven- 
son with  the  object  of  bringing  the  substance  to  public  notice  towards  its  ex- 
tensive employment  in  the  arts,  the  following  particulars  regarding  it  may  I 
hope  contribute  in  some  degree  to  facilitate  the  above  purpose.  The  specimen 
analyzed  by  Mr.  S.  contained  in  100  parts,  95  parts  of  sulphate  of  alumina, 
but  it  is  not  generally  speaking  procurable  in  that  state  of  purity ; the  fol- 
lowing, the  result  of  examination  by  Captain  Robinson  of  several  portions  ta- 
ken at  random  from  the  bazar,  shews  more  correctly  the  value  of  the  miner- 
al as  it  is  obtainable  in  large  quantity,  and  in  the  state  in  which  alone  it  could 
be  made  available  for  use  in  the  arts.  The  purer  portions  being  in  such  de- 
mand in  medicine  and  surgery,  are  raised  in  price  to  an  extent  quite  incom- 
patible with  their  profitable  application  to  the  general  uses  of  commerce.  In 
100  grains  are  contained,  sulphate  of  alumina,  66. 

The  mineral  in  the  above  state  (often  more  pure)  is  found  throughout 
the  lower,  central,  and  upper  hills  of  Nepal.  Its  external  characters  are  those 
described  by  Mr.  S.*  save  that  the  lumps  have  generally  an  admixture  of 
red  sand,  and  frequently  portions  of  micaceous  stone  embedded  in  them ; 
some  of  the  lumps  have  the  smooth  surface  of  stalactites,  and  are  not  unlike 
these  deposits.  All  are  readily  soluble  in  water,  and  when  touched  with  the 
tongue  give  the  taste  of  common  alum.  It  is  said  to  exude  in  this 
state  from  the  surface  of  soft  rocks  ; and  sometimes  to  be  dug  out  of  their 
substance  ; and  from  these  sources  it  is  collected  in  considerable  quantities 
during  the  cold  and  dry  seasons,  and  carried  by  the  Bhoteahs,  Miirmis,  and 
other  hill  people  to  Katmandu,  to  be  exchanged  with  the  merchants  of  that 
city  for  money  or  other  articles.  From  hence  it  is  distributed  thoughout 
the  valley  in  small  portions  for  medical  purposes,  while  the  bulk  of  it  is  car- 
ried to  the  plains  of  India  by  petty  Newar  merchants,  and  the  numerous 
Baiparls  who  annually  visit  this  country  from  various  adjacent,  and  remote 
parts  of  Hindustan.  The  cost  of  production  and  transport  of  an  article  to 
the  scene  of  its  consumption,  is  the  first  knowledge  the  trader  wants ; and  if 
the  price  paid  by  Mr.  S.  for  his  specimen  (one  rupee  for  two  rupees’  weight) 
was  the  real  value  of  Salajit  on  the  banks  of  the  Ganges,  its  use  in  the  arts 

* In  small  light  lumps,  colour  brownish  white  ; externally  anhydrous ; internally  semi, 
crystalline ; fracture  slightly  fibrous,  with  a lustre  resembling  asbestus  ; porous,  containing 
small  cavities  lined  with  scarcely  perceptible  needle-like  crystals  ; adheres  a little  to  the 
tongue.  Taste  acidulous  saline,  soluble  in  twice  its  weight  of  distilled  water  ; specific 
gravity  not  ascertained,  but  probably  not  quite  double  the  weight  of  distilled  water  ; 
friable. 
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of  dyeing,  printing,  &c.  at  that  place,  as  at  any  other  further  removed, must 
for  ever  remain  problematical.  The  price  he  paid  for  it  was  that  which  the 
physicians  of  India  give  for  a drug  to  which  they  attach  an  undue  merit,  and 
on  the  sale  of  which  they  realize  a huge  profit  from  their  credulous  and 
ignorant  patients.  A respectable  authority  tells  me  that  he  has  paid  for  this 
stuff  at  Benares  one  rupee  for  one  rupee  weight,  and  at  more  remote  places 
from  Nepal  it  is  sold  at  a rate  still  more  exorbitant.  The  average  price  of 
white*  Said  jit  in  Katmandu  ranges  from  12  annas  to  one  rupee  a dharne 
of  three  cacha  seer,  or  from  11  to  15  rupees  per  pakka  maund  of  40  seers, 
and  the  cost  of  transport  to  the  banks  of  the  Ganges  or  Gandack  is  as  fol- 
lows : — 

A hill  porter  will  carry  two  maunds  from  hence  to  Hitounda  for  two  rupees 
one  anna,  and  a bullock  will  carry  from  thence  to  Patna  four  maunds  at  a 
charge  of  two  rupees  seven  annas,  or  from  the  same  place  to  Govindganj 
(on  the  Gandak,  10  miles  south  of  Bettiali)  for  one  rupee  14  annas.  Thus 
the  mineral  can  be  stored  at  Patna  at  an  average  cost  of  from  14  8 to  18  8 
rupees  per  maund,  and  at  Govindganj  for  15  annas  per  maund  less,  i.  e. 
for  13  9 to  17  9 rupees.  This  calculation  except  the  carriage  from  Hitounda 
is  made  in  Nepalese  rupees,  the  difference  between  which  and  sicca  rupees  is 
as  128  of  the  former  to  100  of  the  latter,  and  there  is  no  additional  expense 
except  an  export  duty  of  2^  per  cent,  ad  valorem,  levied  by  the  Nepal  govern- 
ment, unless  there  be  (unknown  to  me)  an  import  duty  levied  in  our  pro- 
vinces, on  minerals  the  product  of  this  state. 

The  quantity  now  annually  exported  from  Katmandu,  as  far  as  I can  as- 
certain, is  not  more  than  15  or  20  maunds,  but  I believe  that  there  would 
be  no  difficulty  in  procuring  any  quantity  required  of  it,  and  that  without  any 
addition  to  the  present  cost ; for  as  it  is  found  without  the  previous  expense 
of  digging  mines,  and  transported  without  the  necessity  of  making  roads, 
an  increased  demand  would  only  have  the  effect  of  inducing  a greater  num- 
ber of  the  hill  people  to  collect  the  stuff  in  the  hills  of  their  neighbourhood, 
and  convey  it  to  the  capital ; or  perhaps  with  a steady  demand  the  produce 
of  the  lower  hills  would  be  carried  direct  to  the  plains  by  the  collectors  of  it, 
and  the  profit  of  the  first  buyer  or  Katmandu  merchants  by  this  means  saved 
to  the  consumers  in  the  plains.  Salajit  in  Nepal  as  well  as  in  India  is  at 
present  confined  exclusively  to  use  in  medicine  and  surgery,  and  in  both 
countries  it  enjoys  a very  high  reputation,  and  is  used  in  both  as  a remedy 
in  the  same  diseases. 

In  India  it  is  in  much  greater  repute  than  in  the  land  of  its  pro- 
duction, as  its  price  there  shews ; and  its  virtues  in  some  affections  are 

* There  is  a dark  bituminous  substance  used  in  Nepal,  said  to  be  exuded  from  rocks  ; 
it  is  called  “ Black  Salajit.”  I am  ignorant  of  its  nature  ; it  resembles  in  external  cha- 
racter the  bituminous  alum  ore  (called  shale)  which  is  said  to  be  found  in  Sweden  and 
in  many  coal  mines  in  England,  but  there  is  much  vegetable  matter  in  it,  and  it 
is  probably  a vegetable  production,  notwithstanding  the  belief  by  the  Nepal  physicians 
of  its  mineral  nature. 
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said  to  be  unequalled.  Internally  it  is  given  as  a sovereign  remedy 
in  parmeo  (gonorrhoea),  in  gleet,  gravel,  stone  in  the  bladder,  semi- 
nal weakness,  and  sometimes  in  alvine  fluxes ; its  dose  is  (to  an  adult) 
10  grains  finely  powdered  and  given  in  ghee  : it  also  composes  an  in- 
gredient in  several  of  the  compound  medicines  administered  by  the  na- 
tive physicians,  and  is  said  (possibly  with  justice)  to  he  an  admirable  re- 
medy in  gravel  as  well  as  in  diarrhoea.  Externally  it  is  chiefly  employed 
in  jtowder  as  a styptic  in  recent  wounds,  and,  in  solution,  to  bruises  and 
sprains,  as  well  as  a wash  for  foul  ulcers.  In  severe  cases  of  falls  and  bruis- 
es it  is  internally  administered,  apparently  without  any  better  reason  than 
the  one  stated  by  themselves,  viz.  that  its  being  good  for  a bruised  leg 
“ ought  to  make  it  useful  to  the  internals  of  a hurt  man.”  It  is  much 
prized  by  old  women  as  a remedy  in  infantile  diseases,  such  as  slight  fever, 
diarrhoea  and  bronchitis — and  few  faqirs  who  dispense  health  to  the  bo- 
dy are  without  this  mineral.  It  is  exported,  from  Nepal  in  small  quantities 
to  almost  every  part  of  India,  as  few  traders,  from  the  horse  merchant  of 
the  Punjab  to  the  Baipari  of  Tirhoot,  leave  this  without  some  of  the 
drug,  and  the  faqirs,  who  flock  here  annually  in  incredible  numbers,  distribute 
their  small  stores  to  their  brethren  of  the  craft  at  every  pilgrimage  from 
Jagarndth  to  Mdnsurwar,  and  from  Rameswar  to  Dwarika.  This  mineral 
is  not  confined  to  Nepal ; it  is  a produce  of  some  part  of  Behar*,  and  is  said 
to  be  found  in  small  quantity  in  different  parts  of  the  Vindhya  range  of 
hills ; although  according  to  the  testimony  of  the  Katmandu  merchants 
“ of  inferior  value  in  medicine  to  that  of  Nepal.”  Its  use  in  the  arts  of 
calico  printing,  dyeing,  &c.  does  not  seem  to  have  been  contemplated  even 
in  India,  where  those  arts  have  been  so  long  practised ; and  although  print- 
ing is  done  after  a rude  fashion  throughout  the  valley  of  Nepal,  and  the 
mineral  is  a native  of  its  surrounding  hills,  I cannot  learn  that  it  is  ever  used 
in  the  making  of  mordants,  for  which  purpose  the  sulphate  of  alumina  is 
above  all  other  salts  the  best  adapted,  and  for  which  it  is  in  such  large  de- 
mand throughout  Europe.  It  remains  therefore  for  European  intelligence 
to  introduce  this  mineral  into  general  use,  and  when  it  is  considered  that  all 
the  alum  used  in  Europe  for  dyeing,  printing,  whitening  paper,  tanning  and 
dressing  leather,  &c.  &c.  is  manufactured  by  a tedious  and  expensive  pro- 
cess, it  will  seem  strange  that  a nearly  pure  native  sulphate  of  alumina 
should  be  so  abundant  within  a few  days’ journey  of  the  river  Ganges,  and 
not  have  long  ago,  attracted  the  attention  of  the  mercantile  community  of 
India,  or  the  numberless  dyers,  printers,  and  tanners  carrying  on  their 
separate  vocations  throughout  the  Gangetic  valley.  To  assist  Mr.  Steven- 
son or  any  other  person  in  procuring  this  substance,  I offer  such  aid  as  be- 
ing on  the  spot  will  enable  me  to  give. 

* Dr.  Hamilton  iu  his  account  of  Nepal  says,  “ 1 have  collected  Salajit  in  Behar  with 
my  own  hands.” 
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V. — Defence  of  Lt.  Burt’s  Trisection  Instrument. 

To  the  Editor  of  the  Journal  of  the  Asiatic  Society. 

Sir, 

The  accompanying  observations  regarding  the  correctness  of  Mr.  Burt’s  instru- 
ment for  trisecting  angles,  described  in  No.  11,  suggested  themselves  to  me,  in 
consequence  of  my  attention  having  been  drawn  to  it  by  some  remarks  contained 
in  a note  at  page  159  of  No.  15,  and  I take  the  liberty  of  sending  them  to  you,  in 
the  hope,  that  should  you  .think  them  likely  to  be  of  interest  to  any  of  your 
readers,  you  will  give  them  a place  in  the  Journal  of  the  Asiatic  Society.  As  it  is 
not  improbable,  however,  that  ere  this  letter  reach  you  the  subject  may  have  been 
taken  up  by  a more  able  correspondent,  or  that  its  object  may  have  been  anticipat- 
ed by  Mr.  Burt  himself  having  forwarded  a reply  in  defence  of  his  invention,  I 
hope  that  in  either  of  these  cases  you  will  have  no  hesitation  whatever  in  laying 
this  communication  aside. 

In  the  note  above  alluded  to,  it  is  objected  to  Mr.  Burt’s  demonstration 
of  the  correctness  of  his  instrument,  that  the  rad.  b o is  not  proved  equal 
to  rad.  a o,  and  that  it  is  in  consequence  imperfect.  In  the  way  however  in 
which  I understood  the  description,  it  appeared  to  me  that  the  length  of  o b was 
constant,  the  leg  a d being  confined  to  a fixed  point  of  it  by  a groove:  and  although  not 
so  expressed,  I imagine  it  must  have  been  intended  that,  that  point  should  be  at  an 
equal  distance  from  the  centre  with  the  point  a.  Should  this  supposition  be  cor- 
rect, the  demonstration  would,  I imagine,  be  complete,  without  the  necessity  of 
proving  that  the  locus  of  the  point  b is  the  circumference  of  the  circle  ; but  that 
such  is  the  case  whenever  the  angle  is  trisected,  would  be  easily  demonstrated  as 
follows  : — Let  BAF  {fig.  1)  beany  angle  whereof  BF  is  the  chord,  and  let  AC  be 
the  line  trisecting  the  angle  BAF  and  crossing  the  chord  BF  in  D.  It  is  required 
to  prove  that  if  from  the  point  B with  the  radius  BD  an  arc  be  described  cutting 
AC  in  C (whence  BC=BD)  then,  that  the  point  C shall  be  situated  in  the  cir- 
cumference of  the  circle  whose  centre  is  at  A and  radius=AB,  or  that  AC  will  equal 
AB. 

First  Z BDA  = Z DAF  + / AFD  {El.  I.  32) 

= Z DAF  + Z ABD  {Hyps.)  (No.  1.) 

Again  Z BDA  = Z DBC  + Z BCD 
= Z DBC  + Z BDC 
= Z DBC  + Z DAB  4-  Z ABD 
Equating  these  two  values  of  Z BDA,  we  have 

Z DAF  + Z ABD  = Z DBC  + Z DAB  + Z ABD 
Taking  Z ABD  from  each  side,  Z DAF  = Z DBC  -f-  Z DAB 
But  Z DAB  — J Z DAF  (by  hyp.)  therefore  Z DBC  also  = j Z DAF 
Whence  alsoZ  DAB  =:  /_  DBC 
But  the  angle  ADF  or  its  equal  Z BDC,  or  Z BCA 
= Z DAB  -f  Z ABD  or 
= Z DBC  + Z ABD  or 
= Z ABC 

Whence  AB  AC. 

With  regard  to  the  latter  part  of  Mr.  B.’s  paper,  concerning  the  removal  of  the 
fourth  leg  of  the  instrument,  I am  not  quite  sure  that  I fully  comprehend  the 
mode  in  which  the  construction  of  the  scale  is  detailed.  If,  however,  the  follow- 
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ing  be  a correct  explanation  of  the  meaning,  there  can,  I imagine,  be  no  hesitation 
in  admitting  the  conclusion  he  has  drawn.  In  forming  the  scale  of  equal  parts 
upon  this  fourth  leg  AB  {fig.  2)  each  point  in  the  scale  is  to  be  successively  brought 
to  the  circumference  by  turning  the  scale  round  the  point  A,  so  as  that  each  divi- 
sion shall  in  turn  terminate  a chord  of  the  variable  arc  AG,  and  ihe  line  marking 
the  division  is  then  to  be  cut  on  it,  in  the  direction  of  the  radius  passing  through 
it.  At  the  same  time  the  leg  AD  being  placed  in  its  corresponding  position  (viz. 
at  an  equal  distance  on  the  other  side  of  a perpendicular  to  CG),  its  divisions 
will  be  marked  by  the  same  radius,  and  this  is  to  be  done  for  every  point  of  the 
Circumference  AGyB’. 

The  divisions  upon  AD,  therefore,  form  a scale  of  chords  equal  in  length  to 
those  of  the  corresponding  arcs  AG,  A g,  and  each  of  the  lines  forming  them,  will 
by  the  construction  tend  to  the  centre  when  AD  is  so  situated  as  to  cut  off  an  arc 
three  times  the  extent  of  that  of  which  AG  is  the  chord  ; and  the  application  of  the 
instrument  merely  consists  in  adjusting  the  line  AD  to  the  chord  of  the  given  arc, 
and  then  turning  round  the  movable  radius  CG  till  it  coincide  with  the  division, 
which  in  that  position  would  if  produced  pass  through  the  centre,  and  which,  if 
the  coincidence  be  exact,  will  of  course  direct  the  radius  to  an  arc  one-third  of 
AD.  It  must  however  be  shown  that  in  any  position  of  AD  there  can  be  only  one 
of  the  divisions  which  tends  to  the  centre  (or  can  be  made  to  coincide  with  the 
radius),  this  may  be  easily  proved ; for  if  FL  (fig.  2)  be  the  correct  division  on  the 
scale,  cutting  off  (by  radius  passing  through  it)  the  arc  AG  one-third  of  the  arc 
AD,  and  if  f l be  any  other  division  belonging  to  an  arc  A g the  whole  of  the  divisions 
having  been  marked  off  in  the  manner  above  described,  then  it  may  be  demonstrated 
that  the  radius  C/will,  if  drawn  through  /,  form  withy  l an  angle  l f » equal  to  the  angle 
f C F plus  half  the  angle yCF*.  The  instrument  therefore  seems  to  be  complete  enough 
in  theory  without  the  fourth  leg,  but  in  use,  it  appears  to  me  that  the  want  of  it 
would  considerably  diminish  its  accuracy,  as  it  must  be  very  difficult  to  hit  upon  the 
exact  coincidence  when  the  divisions  are  very  numerous,  and  as  any  error  at  the  point 
F would  be  multiplied  at  G in  the  proportion  of  the  two  distances  CF  : CG,  this 
would  be  a serious  evil  in  large  angles,  as  the  focus  of  the  point  F is  a curve  which 


Therefore  substituting  these  values  in  above  equation 

Z AFL  = ZA//  + jZ  GCM  (No.  I.) 
Again  L C/D  or  A fin  = Z CF/  + Z /CF 
Or  Z AFI  + /_  nfl  = Z AFL  + /_  /CF 
Or,  by  substituting  the  value  of  /_  AFL  found  at  (No  I.) 

= Z kfil  + / /CF  + GCM 
And  subtracting  /_  Afl  from  each  side  of  the  equation 

Z«//=Z/CF  + §Z  GCM 


* The  demonstration  of  this  is  as  follows,  vide  fig.  2. 
First  / CGA=  Z GCM  -f  Z CMG 


= L GCM  + Z CgA  — Z yAM 
= z GCM  + z CgA  — i z GCM  (El.  III.  20.) 
= Z CgA  + Z h GCM 


But  Z CGA  = Z AFL  1 ,,  , ,,  . , 

And  / C„A  = / AFL  f 0>7  hypothesis) 


Q.E.D. 
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gradually  approaches,  and  ultimately  (when  the  angle  trisected  equals  180°)  passes 
through  the  centre. 

Mr.  B.  says  that  the  fourth  leg  is  absolutely  necessary  to  the  first  construction 
of  the  instrument,  but  it  has  occurred  to  me  that  by  forming  the  scale  upon  AD 
in  a different  manner  it  might  be  dispensed  with  altogether.  For  since  AG  is  always 
equal  to  AF,  and  consequently  the  angles  AFG  and  AGF  also  equal,  it  follows 
that  if  the  arm  AB  be  turned  round  till  AG  coincides  with  AF,  that  the  point  G will 
also  coincide  with  the  point  F,  and  the  line  FL  would  form  an  angle  with  AG  ; as 
for  instance  the  angle  ACp  equal  to  the  angle  AFL  or  AGF.  The  instrument 
would  therefore  I think  be  equally  correct  if  the  divisions  upon  AB  were  first 
drawn  in  the  way  that  Mr.  B proposes,  as  above  described,  and,  if  this  leg  when 
complete  were  afterwards  converted  into  the  chord  AD  by  reversing  the  inclinations 
of  all  the  lines  Gy,  making  them  form  equal  angles  on  the  opposite  side  of  a per- 
pendicular to  AB,  for  then  /pGA  would  be  equal  BGy=Z.  FGA=  L AFG. 

As  I before  observed,  the  locus  of  the  point  F (fig.  2)  is  a curve  passing  through 
the  centre  C.  A representation  of  this  is  given  in  fig.  3,  which  also  shows  it  conti- 
nued, and  passing  through  the  extremity  of  a diameter  at  right  angles  to  GC,  which 
it  again  meets  at  M,  GM  being  equal  toGL,  the  diameter  of  the  circle  GDL.  From 
the  circumstances  of  the  distance  DK  being  always  equal  to  2 vers-sin.  £ DCG 
(which  may  be  easily  deduced  from  Mr.  Burt’s  theorem)  may  be  derived  an  equa- 
tion to  the  curve  when  the  co-ordinates  originate  at  the  centre  (r  being  =GC) 

r2  r2 

y1—  2 rx — x2  4 r 2rx-\ *. 

2 4 

As  it  is  also  easily  described  geometrically,  it  affords  a very  simple  form  for  the 
construction  of  an  instrument  for  trisecting  any  angle  from  0 to  180°,  and  consist- 
ing of  a single  piece  only.  A representation  of  one  which  I have  lately  made  up, 
and  found  to  answer  my  expectations  fully,  is  given  in  fig.  4.  It  consists  simply 
of  an  ivory  scale,  whose  edge  is  sloped  off,  and  accurately  formed  to  the  figure  of 
the  curve  GKC  (fig.  3),  and  a small  part  of  the  diameter  GL  produced  on  each 
side  to  ensure  its  accurate  adjustment  to  one  of  the  sides  containing  the  given 
angle,  for  which  purpose  also  small  portions  of  the  edge  at  C and  G are  cut  away, 
in  order  that  the  coincidence  of  these  two  points  with  the  centre  and  point  G of 
the  chord  of  the  given  angle  may  be  accurately  determined.  As  no  graduation 
whatever  is  necessary  the  instrument  is  very  easily  made,  and  the  application  of  it, 
which  is  also  extremely  simple,  will  be  understood  from  the  following  example  : 
I must  first  mention,  however,  that  for  more  convenient  measurement  the  exact 
length  of  the  radius  GC  is  laid  off  on  the  centre  of  the  scale  between  the  points 
M and  N. 

Let  GCD  (fig.  4)  be  any  angle  to  be  trisected. 

From  the  point  C with  the  distance  CG  or  MN  as  a radius,  describe  an  arc  GLD. 
Draw  the  chord  GD,  then  apply  the  scale  so  as  to  make  its  edge  coincide  with  the 
side  CG  of  the  given  angle,  and  the  point  C with  the  centre  of  the  circle 

* From  this  equation  may  be  derived  the  other  properties  of  the  curve  just  men- 
tioned. For  instance  if  x be  taken  equal  to  o,  then y becomes  — o or  r — CH.  1 f r — • 
r,  then  y also  becomes  = o or  r — GF  ; and  lastly,  if  x be  taken  equal  to  3 r,  then  y 
becomes  :=  o or  an  imaginary  quantity.  The  curve  will  therefore  pass  through  the  points 
G,C,H  and  M. 
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GLD,  and  of  course  since  the  radius  is  by  construction  equal  to  GC,  the  point  G 
will  coincide  with  the  point  G (of  the  chord).  Make  a mark  at  the  intersection 
of  the  curve  GKC  with  the  chord  GD,  and  a line  drawn  from  the  centre  through 
that  point  (K)  will  trisect  the  given  angle.  As  the  curve  GKC  is  the  locus  of  the 
point  D in  fig.  1,  when  DB  is  equal  to  BC  and  AB— AC,  which  corresponds  with 
the  conditions  of  Mr.  Burt's  demonstration,  it  is  unnecessary  for  me  to  trouble  you 
with  any  proof  of  the  correctness  of  the  instrument  in  addition  to  that  already 
given  by  him.  By  extending  the  principle  and  making  use  of  different  curvesf  and 
with  some  necessary  modifications,  an  instrument  might  be  constructed,  in  a.  single 
piece , to  divide  any  given  angle  in  any  given  ratio  (within  moderate  limits),  but  as 
I have  no  hopes  that  any  contrivance  for  this  purpose,  however  simple  in  applica- 
tion, or  comprehensive  in  its  powers,  will  ever  supersede  the  good  old  method  by 
trials  with  the  compasses,  I shall  not  further  trespass  on  your  patience  by  indulg- 
ing in  any  useless  speculations  on  the  subject. 

I am,  Sir, 

Your  obedient  servant, 

Masulipatam,  J.  S. 

3rd  July,  1833. 

P.  S.  I imagine  Mr.  Burt’s  parallel  lines  passing  through  the  same  point  are 
intended  to  be  referred  to  different  places,  being  coincident,  and  passing  through  the 
centre  when  referred  to  the  plane  of  the  instrument,  but  parallel  when  referred  to 
one  perpendicular  to  it. 


VI. — Computation  of  the  Area  of  the  Kingdoms  and  Principalities  of 

India. 

Captain  J.  Sutherland,  late  Private  Secretary  to  the  Vice-President,  havingbecn 
recently  engaged  in  the  preparation  of  a note  on  the  political  relations  of  the 
British  Government  in  India,  adopted  a mode,  on  the  recommendation  of  the 
Surveyor  General,  of  obtaining  in  a rough  way  the  area,  or  contents  in  square 
miles,  of  each  state,  without  the  labour  of  elaborate  calculation,  to  which  the  im- 
perfect data  of  our  maps  of  the  country  could  not  ensure  very  great  accuracy. 

The  boundaries  of  each  state  having  been  marked  off  on  a skeleton  map  drawn 
on  paper,  of  equable  texture,  as  accurately  as  this  could  be  done  from  information 
procurable  in  the  Surveyor  General’s  Office  and  the  Political  Department,  the  whole 
were  cut  out  with  the  greatest  care,  and  weighed  individually,  and  collectively  as  a 
check,  in  the  most  delicate  balance  of  the  Calcutta  Assay  Office.  The  weights  were 
noted  to  the  thousandth  part  of  a grain,  the  balance  being  sensible  to  the  tenth 
part  of  that  minute  quantity.  Fifteen  precisely  equal  squares  of  paper  (unfortunately 

* If  the  ivhole  curve  be  used  and  the  chord  produced  each  way,  it  will  intersect  it  in 
three  points  (as  shown  at  KK’K’’ _/?</.  3),  giving  as  many  positions  of  the  line  CK,  and  as 
many  solutions  of  the  problem.  lu  this  case  the  intersection  with  the  inferior  loop,  as  at 
K,  marks  the  third  of  the  given  angle,  while  those  with  the  exterior  branches  of  the 
curve  trisect  its  complement  (or  if  larger,  its  excess  beyond  90°)  and  supplement. 

-f-  The  locus  of  the  point  of  bisection  for  instance  would  be  a semicircle  on  the  dia- 
meter GC. 
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not  the  same  as  that  used  for  the  map)  were  previously  weighed  to  ascertain  the 
extent  of  variation  to  which  such  a mode  of  measurement  would  be  liable : the  re- 
sults were  not  very  favorable,  neither  was  the  paper  of  such  equal  texture  as  might 
be  fairly  compared  with  that  used  for  the  map  : the  weights  were  as  follows— (to 
the  nearest  hundredth  of  a grain,)  apparently  increasing  towards  the  edges  of  the 
sheet. 

1 = 2.65  grains,  6 = 2.95  grains,  1 1 = 3.05  grains. 

2 = 2.65  7 = 2.90  12  = 2.75 

3 = 2.65  8 = 2.90  13  = 2.65 

4 = 2.68  9 = 2.80  14  = 2.65 

5 = 2.80  10  = 3.10  15  = 2.75 

Before  setting  to  work  on  the  states,  an  index  or  unit  of  100  square  degrees,  cut 
from  the  same  paper,  was  first  weighed  to  serve  as  a divisor  for  the  rest. 

The  weighing  process  commenced  in  the  driest  part  of  the  day,  taking  the  whole 
of  the  papers  together;  thus  the  continent  of  India  weighed  127.667  grains  troy. 
The  sum  of  the  individual  weights  of  the  separate  states  was  127.773.  The  addition 
was  proved  to  proceed  from  the  hygrometric  water  absorbed  towards  the  evening  ; 
thus  weighed,  the  British  states  weighed  at  first  74.366,  at  the  conclusion  74.445  ; the 
native  powers,  at  first  53.301  ; the  sum  of  them  weighed  individually  was  53.407  ; 
afterwards,  weighed  in  groups  53,456,  being  later  in  the  evening.  In  drawing  out  the 
table  for  calculation,  proper  corrections  were  applied  to  neutralize  this  source  of 
error,  but  coupled  with  the  previous  examination  of  the  texture  of  paper,  it  is 
sufficient  to  shew  that  the  following  table  must  be  looked  upon  only  as  a rough 
approximation  in  the  absence  of  better  information.  The  superficial  area  of  Hin- 
dustan, exclusive  of  the  independent  states  of  Nipal,  Lahore,  &c.  according  to 
Hamilton,  between  the  latitudes  of  8°  and  35°  north, and  the  longitude  of  68°  and 
92°  east,  cannot  be  estimated  at  more  than  1,280,000  English  square  miles  : and 
the  portion  belonging  to  the  British  and  their  allies,  at  1,103,000  : this  estimate 
agrees  very  well  with  the  present  statement. 

Square  miles. 

The  area  of  the  native  states  in  alliance  with  the  British  Govern- 
ment was  found  to  be, 449,845 

That  of  the  territory  under  British  rule  with  the  remaining  small 
states  and  j&girdars,  626,746 


Superficial  area  of  all  India, j Q7g  gqj 

The  extent  of  coast  from  Cape  Negrais  to  the  frontiers  of  Sinde  is  3622  British 
miles,  the  breadth  from  Surat  to  Silhet,  1260  miles. 

Captain  Sutherland  classifies  the  native  states  of  India  under  the  three  fol- 
lowing heads  : 

l.— Foreign,  viz.  Persia,  Kabul,  Senna,  the  Arab  tribes,  Siam,  Acheen. 

H. — External,  on  the  frontier ; viz.  Ava,  Nepal,  Lahore,  Sinde. 

HI. — Internal,  which  are  those  included  in  the  present  list.  All  of  these  have 
relinquished  political  relations  with  one  another  and  with  all  other  states.  They 
are,  according  to  the  nature  of  their  relations  or  treaties  with  the  English,  divided 
into  six  classes  : 

First  Class.  Treaties  offensive  and  defensive  : right  on  their  part  to  claim 
protection,  external  and  internal,  from  the  British  Government : right  on  its  part 
to  interfere  in  their  internal  affairs. 
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Square  miles. 

Square  miles. 

1. 

Oude,  containing,  by  weighment,.. 

. . 23,923 

by  Hamilton*,  20,000 

2. 

Mysore, 

3. 

Berar  or  Nagptir, 

4. 

Travancore, 

1.988 

2,000 

Second 

Class.  Treaties  offensive  and  defensive:  right 

on  their  part  to  claim 

protection,  external  and  internal,  from  the  British  Government,  and  to  the  aid  of  its 
troops  to  realize  their  just  claims  from  their  own  subjects  : no  right  on  its  part  to 
interfere  in  their  internal  affairs. 

Square  miles.  Square  miles. 

6.  Hyderabad, containing,  by  weighment,  88,884  by  Hamilton,  96,000 

7.  Baroda 24,950  12,000 


Third  Class.  Treaties  offensive  and  defensive,  states  mostly  tributary,  ac- 
knowledging the  supremacy  of,  and  promising  subordinate  co-operation  to,  the  British 
Government ; but  supreme  rulers  in  their  own  domains. 


8. 

Indore,  containing,.. 

4,245  square  miles. 

Rajputdna  States.  Square  miles. 

Square  miles. 

9. 

Oudipur,(H.  7,300,) 

11,784 

16. 

Jesalmir,  .. 

10. 

Jeyptir, 

13,427 

17. 

Kishengurh, 

724 

11. 

Joudpfir, 

34,132 

18. 

Bansw5ra,  . 

1,440 

12. 

Kotab,  (H.  6,500,) 

4,389 

19. 

Pertabgurh, 

..  ..  1,457 

13. 

Bundi,  (H.  2,500,) 

2,291 

20. 

Dungarpur, 

..  ..  2,005 

14. 

Alwar, 

3,235 

21. 

Keroll,  . . . 

15. 

18,060 

22. 

Serowl,  . . . 

3,024 

Square  miles. 

23.  Bhurtpur, 

(by  Hamilton,  5,000,) 

24.  Bhopal,  (ditto  5,000,). . 

25.  Kutch,  (H.  with  the  Runn  13,300,) 

26.  Dh5r  and  Dewas, 

27.  Dh61pur,  1,626 


Boglielkhand, 

and 

Bundelkhand, 


[28- 

Rewah,  

| 

[ Dhattea,  1 

29.  < 

Jh5nsi,  !> 

l 1 

[ Terhl,  J 

30. 

Sawantwari 

Fourth  Class.  Guarantee  and  protection,  subordinate  co-operation,  but  su- 
premacy in  their  own  territory. 

lk 1,1031 

1,633  square  miles. 

...  16,602 

Fifth  Class.  Amity  and  friendship. 

33.  Gwalior,  containing, 32,944  square  miles. 


[Tonk, 

Ameer  Khan,  < Seronj,  .... 

1,103 

31. 

261 

32.- 

[ Nimbahara, 
f Patiala,  Keytal,  1 

269 

l Naba  and  Jeend,  J 

Sixth  Class.  Protection,  with  right  on  the  part  of  the  British  Government  to 
control  internal  affairs- 

34.  Sattara,  containing, 7,943  square  miles. 

35.  Kolapur  , 3,184 

* This  column,  and  other  items  marked  H.,  extracted  from  Hamilton’s  Hindustan  by  way  of 
comparison. 
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Of  the  above  states,  four  are  Mohammedan  ; viz.  Hyderabad,  Oude,  Bhopal,  and 
Tonk.  Of  the  Hindu  states,  eight  are  Marhatta  ; viz.  Sattara,  Gwalior,  Nagpur, 
Indore,  Banda,  Kolapur,  Dhar,  and  Dewas. 

Nineteen  are  Rajput;  viz.  Oudipur,  Jeypur,  Joudpur,  Bundi,  Kotab,  Kutch, 
Alwar,  Bhikanir,  Jesalmir,  Kishengarh,  Bfinsw&ra,  Pertabgarh,  Dungerpur,  Keroli, 
Serowi,  Rewah,  Dhattea,  Jhansi,  Terhi. 

Six  are  of  other  Hindu  tribes  ; viz.  Mysore,  Bhartpur,  Travancore,  Sawantw&rl, 
Cochin,  and  Dholpur. 

Besides  these  allied  states,  there  are  the  following  inferior  Rajships  and  Jfigir- 
darls:  viz.  Chota  Nagpur,  Sirgfijer,  Sambhalpur,  Singhbhum,  Oudipur,  Ma- 
nipur, Tanjore,  the  Bareich  family,  Ferozpur,  Merich,  Tansgaon,  Nepani,  Akulkote, 
and  those  of  the  Sigar  and  Nerbudda  country  ; also  Sikkim  and  the  states  of  the 
northern  hills. 


VII. — Miscellaneous. 

1. — Importation  of  Ice  from  Boston. 

The  arrival  of  the  Tuscany,  with  a cargo  of  ice  from  America,  forms  an  epoch 
in  the  historv  of  Calcutta  worthy  of  commemoration,  as  a facetious  friend  remark- 
ed, in  a medal  of  frosted  silver.  In  the  month  of  May  last,  we  received  a present 
of  some  ice  from  Dr.  Wise  at  Hugli,  (whose  efforts  have  so  long  been  directed 
to  the  extension  of  its  manufacture  by  the  native  process*,)  as  a proof  that  the 
precious  luxury  might  be  preserved  by  careful  husbandry  until  the  season  when  its 
coolness  was  most  grateful  : — little  did  we  then  contemplate  being  able  to  return  the 
compliment  with  a solid  lump  of  the  clearest  crystal  ice,  at  the  conclusion  of  the 
rains  ! nor  that  we  should  be  finally  indebted  to  American  enterprise  for  the  realiza- 
tion of  a pleasure  for  which  we  have  so  long  envied  our  more  fortunate  country-men 
in  the  upper  provinces;  nay  even  the  beggars  of  Bokhara,  who,  in  a climate  at  times 
more  sultry  than  ours,  according  to  Lieut.  Burnes,  “ purchase  ice  for  their 
water  even  while  entreating  the  bounty  of  the  passenger  f!”  Professor  Leslie, 
with  his  thousand  glass  exhausters,  and  his  beautiful  steam  air-pumps,  tanta- 
lized us  with  the  hopes  of  a costly  treat,  and  ruined  poor  Taylor  the  bold  adopter  of 
his  theory  : — but  science  must  in  this  new  instance,  as  on  so  many  former  occasions, 
confess  herself  vanquished  or  forestalled  by  the  simple  practical  discovery  that  a 
body  of  ice  may  be  easily  conveyed  from  one  side  of  the  globe  to  the  other,  cross, 
ing  the  line  twice,  with  a very  moderate  loss  from  liquefaction. 

We  are  indebted  to  Mr.  J.  J.  Dixwell,  the  agent  for  the  proprietors,  for  the 
following  interesting  particulars  relative  to  the  Tuscany’s  novel  cargo,  and  the  mode 
of  shipping  ice  from  America  for  foreign  consumption. 

The  supplying  of  ice  to  the  West  Indies  and  to  the  Southern  States  of  the  Union, 
New  Orleans,  &c.  has  become  within  these  few  years,  an  extensive  branch  of  trade, 
under  the  successful  exertions  of  its  originator  Frederic  Tudor,  Esq.  of  Boston, 
with  whom  S.  Austin,  Esq.  and  Mr.  W.  C.  Rogers  are  associated  in  the  present 
speculation. 

t See  page  80  of  the  present  volume,  and  former  notices  in  the  Gleanings. 

-J-  Journal,  vol.  ii.  p.  229. 
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The  ponds  from  which  the  Boston  ice  is  cut  are  situated  within  ten  miles  of  the 
city.  It  is  also  procured  from  the  Kennebec  and  Penobscot  rivers  in  the  State  of 
Maine,  where  it  is  deposited  in  icehouses  upon  the  banks,  and  shipped  from  thence 
to  the  Capital.  A peculiar  machine  is  used  to  cut  it  from  the  ponds  in  blocks  of 
two  feet  square,  and  from  one  foot  to  eighteen  inches  thick,  varying  according  to 
the  intensity  of  the  season.  If  the  winter  does  not  prove  severe  enough  to  freeze 
the  water  to  a convenient  thickness,  the  square  slabs  are  laid  again  over  the  sheet 
ice,  until  consolidated,  and  so  recut.  The  ice  is  stored  in  ware-houses  construct- 
ed for  the  purpose  at  Boston. 

In  shipping  it  to  the  West  Indies,  a voyage  of  10  or  15  days,  little  precaution  is 
used.  The  whole  hold  of  the  vessel  is  filled  with  it,  having  a lining  of  tan  about 
four  inches  thick  upon  the  bottom  and  sides  of  the  hold,  and  the  top  lifts  covered 
■with  a layer  of  hay.  The  hatches  are  then  closed,  and  are  not  allowed  to  be  opened 
till  the  ice  is  ready  to  be  discharged.  It  is  usually  measured  for  shipping,  and  each 
cord  reckoned  at  three  tons  : a cubic  foot  weighs  58Jlbs. 

For  the  voyage  to  India,  a much  longer  one  than  had  been  hitherto  attempted* 
some  additional  precautions  were  deemed  necessary  for  the  preservation  of  the  ice. 

The  ice-hold  was  an  insulated  house  extending  from  the  after  part  of  the  forward 
hatch  to  the  forward  part  of  the  after  hatch,  about  50  feet  in  length.  It  was  con- 
structed as  follows  : 

A floor  of  one-inch  deal  planks  was  first  laid  down  upon  the  dunnage  at 
the  bottom  of  the  vessel  : over  this  was  strewed  a layer  one  foot  thick  of  tan, 
that  is,  the  refuse  bark  from  the  tanners’  pits,  thoroughly  dried,  which  is  found  to 
be  a very  good  and  cheap  non-conductor;  over  this  was  laid  another  deal  planking, 
and  the  four  sides  of  the  ice-hold  were  built  up  in  exactly  the  same  manner,  insul- 
ated from  the  sides  of  the  vessel.  The  pump,  well,  and  main  mast  were  boxed 
round  in  the  same  manner. 

The  cubes  of  ice  were  then  packed  or  built  together  so  close  as  to  leave  no  space 
between  them,  and  to  make  the  whole  one  solid  mass:  about  180  tons  were  thus 
stowed.  On  the  top  was  pressed  down  closely  a foot  of  hay,  and  the  whole  was 
shut  up  from  access  of  air,  with  a deal  planking  one  inch  thick,  nailed  upon  the 
jower  surface  of  the  lower  deck  timbers  ; the  space  between  the  planks  and  the  deck 
being  stuffed  with  tan. 

On  the  surface  of  the  ice,  at  two  places,  was  introduced  a kind  of  float,  having 
a guage  rod  passing  through  a stuffing  box  in  the  cover,  the  object  of  which  was 
to  note  the  gradual  decrease  of  the  ice  as  it  melted  and  subsided  bodily. 

The  ice  was  shipped  on  the  fithand  7th  of  May,  1833,  and  discharged  in  Calcutta, 
on  the  13th,  14tli,  15th,  and  I6th  September,  making  the  voyage  in  four  months  and 
seven  days. 

The  amount  of  wastage  could  not  be  exactly  ascertained  from  the  sinking  of  the 
gnages,  because  on  opening  the  chamber  it  was  found  that  the  ice  had  melted  between 
each  block,  and  not  from  the  exterior  only  in  the  manner  of  one  solid  mass  as  was 
anticipated.  Calculating  from  the  rods  and  from  the  diminished  draught  of  the 
ship,  Mr.  Dixwell  estimated  the  loss  on  arrival  at  Diamond  Harbour  to  be  fifty-five 
tons.  Six  or  eight  tons  more  were  lost  during  the  passage  up  the  river,  and  probably 
twenty  in  landing.  About  one  hundred  tons,  say  three  thousand  maunds,  were 
finally  deposited  in  the  ice  house  on  shore,  a lower  room  in  a house  at  Brightman's 
ghaut,  rapidly  floored  and  lined  with  planks  for  the  occasion. 
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The  sale  has  not,  we  believe,  been  so  rapid  as  might  have  been  expected,  amount- 
ing to  no  more  than  ten  maunds  per  diem,  although  Mr,  Rogers  has  fixed  the  price 
at  the  low  rate  of  4 annas  per  seer,  one  half  the  price  estimated  for  the  Hugli  ice, 
which  was  still  calculated  to  be  somewhat  cheaper  in  proportion  than  saltpetre. 
The  public  requires  to  be  habituated  to  it,  and  to  be  satisfied  of  the  economy  of 
its  substitution  for  the  long  established  process  of  cooling.  There  may  also  be 
some  doubts  of  the  best  mode  of  preserving  so  fleeting  a commodity,  but  on  this 
head  we  cannot  butadvisean  imitation  of  the  methods  pursued  on  a large  scale  on 
board  of  the  Tuscany.  For  the  application  of  the  ice  to  the  purposes  of  cooling 
ample  directions  have  been  given  in  the  Gleanings  of  Science,  vol.  iii.  p.  120.  A. 
box,  or  basket,  or  tin  case,  with  several  folds  of  blankets,  or  having  a double  case 
lined  with  paddy  chaff  or  any  non-conducting  substance,  will  preserve  the  ice  until 
wanted,  and  for  cooling  water  or  wine  the  most  effectual  method  of  all  is  to  put  a 
lump  of  the  clear  crystal  into  the  liquid  : the  next  best  is  to  spread  fragments  upon 
the  bottles  laid  horizontally,  andleave  themwrappedin  flannel  for  a couple  of  hours. 

So  effectual  was  the  non-conducting  power  of  the  ice-house  on  board,  that  a 
thermometer  placed  on  it  did  not  differ  perceptibly  from  one  in  the  cabin.  From  the 
temperature  of  the  water  pumped  out,  and  that  of  the  air  in  the  run  of  the  vessel, 
Mr.  Dixwell  ascertained  that  the  temperature  of  the  hold  was  not  sensibly  affected 
by  the  ice.  Upon  leaving  the  tropic  and  running  rapidly  into  the  higher  latitudes, 
it  retained  its  heat  for  some  time,  but  after  being  several  weeks  in  high  latitudes, 
and  becoming  cooled  to  the  temperature  of  the  external  air  and  sea,  it  took  more 
than  ten  days  in  the  tropics  before  the  hold  was  heated  again  to  the  tropical  standard. 

Mr.  Dixwell  has  favored  us  with  a sight  of  the  daily  register  kept  by  him- 
self on  board,  which  we  regret  we  have  not  space  to  insert  at  length  : — The  follow- 
ing extracts  however  will  serve  to  impart  some  of  the  useful  information  gleaned 
in  this  first  experimental  passage  from  Boston  : we  sincerely  hope  and  believe  that 
it  will  afford  ample  encouragement  for  a repetition  of  the  speculation,  and  eventu- 
ally for  a regular  annual  consignment  of  this  new  staple  produce  of  the  northern 
continents  ! a scheme  is  now  in  circulation  for  supplying  ice  all  the  year  round  at 
2 annas  per  seer. 

Extracts  from  the  Log  of  the  Ship  Tuscany. 


Date. 

Latitude 

Longitude 

Temp,  of 

Temp,  of 

Fall  of 

Wind. 

Remarks. 

1833. 

at  noon. 

at  noon. 

air. 

water. 

Ice-guage. 

° 

' 

' 

0 

o 

inches. 

May 

13 

41 

30  N 

66 

44  W. 

61 

— 

S.  W. 

moderate. 

16 

39 

26 

54 

51 

04 

70 

N.  W. 

fresh. 

20 

34 

24 

43 

00 

70 

88 

w. 

ditto. 

24 

27 

48 

33 

44 

71 

73 

N.  E. 

r av.  temp,  in  N.  tern-* 
\ perate  zone, 
air  G8.3 — water  72.3. 

28 

20 

48 

30 

29 

78 

76 

E. 

June 

1 

13 

05 

25 

33 

80 

79 

4 

N.  E. 

light  airs. 

6 

7 

29 

19 

51 

80 

85 

N.  E. 

ditto. 

16 

0 

52 

18 

05 

84 

83 

7-1 

S.  E. 

/ average  temp,  of  N# 
\ tropic.  A.  823 

19 

4 

04  S 

92 

21 

82 

80 

S.  E. 

Si 

cc 

ll 

[Having  occasion  to  open  the  run  scuttle,  found  the  air  pouring  up  from  the  hold  quite  warm  : a 
therm,  which  stood  at  80°  in  the  cabin,  rose  to  84°  in  the  run.] 

30  | 23  29  j 28  29  | 76  j 73  | 9.2  | E.  ^ 

[July  2,  bored  with  an  auger  into  the  ice  house,  under  the  main  hatch,  and  came  to  ice  at  10  inches 
from  the  top.  Cargo  as  usual  dry.] 

July  4 i 29  38  1 19  38  I 72  | 70  | « | W.  | fresh  winds. 
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[Instead  of  the  usual  10  minutes  pumping,  required  an  hour  to  free  the  ship  from  water  owing  to 
cranckness,  and  having  been  20  days  on  one  tack.  She  has  been  pumped  out  generally  4 or  5 times, 
or  about  170  strokes  per  diem.] 


15 

138  53  S. 

12  27  E 

51° 

56° 

guage. 

S.  W. 

[current 

18 

| 39  22 

23  10 

68 

1 70 

11.5 

N.  W. 

in  the  warm  Cape 

[Since  leaving  the  trades,  the  water  pumped  from  the  hold  has  been  2°  to  5°  warmer  than  the  sea.] 

30 

39  33 

63  00 

61 

60 

13.2 

W.N.W 

moderate. 

Augt.  6 

28  35 

&3  01 

62 

65 

14.3 

s. 

ditto. 

17 

5 18 

85  45 

86 

86 

24.0 

calm. 

in  cabin  83P  in  run  788.5 

19 

4 36 

85  28 

89 

86 

24.0 

do. 

83  81 

21 

2 34 

85  14 

89 

86 

25.0 

do. 

84  82 

23 

0 59 

84  57 

89 

86 

25.0 

do. 

83  84 

29 

11  23  N. 

ft')  34 

88 

84 

26.5 

S.  W. 

fresh. 

Sept.  1 

20  14 

87  08 

86 

86 

S.  w. 

ditto. 

3 

Diamond 

Harbour. 

88 

88 

S.  W. 

light. 

Average  temperature  of  S.  Tropic  Indian  Ocean,  Air 

81°.33 

Sea,  81°.39 

N.  Tropic  to  Diamond  Hr. 

86.4 

85.35 

Average  temperature  of  the  whole  voyage,  Air 
Do  of  former  voyages — 

73.89 

Sea,  74.17 

6 June  to  18  Sept.  1827 

71.71 

16  June  to  6 Oct  1828 

71.28 

15  June  to  18  Oct.  1829 

70.16 

2 Aug.  to  18  Dec.  1830 

71.52 

22  Aug.  to  16  Jan.  1831-2 

74.57 

2. — On  the  Action  of  various  Lights  upon  the  Retina.  By  Sir  D.  Brewster. 

When  the  eyes  are  exposed  to  strong  lights,  objects  cannot  be  seen  of  their  true 
Colours,  and  even  lights  of  ordinary  intensity  produce  a decided  deterioration  in 
-.he  tints  of  a fine  picture.  Hence  it  is  that  we  see  paintings  to  most  advantage  when 
we  view  them  through  two  blackened  tubes  held  close  to  the  eye.  By  this  means 
the  colours  are  not  only  more  brilliant,  but  faint  lights  are  brought  out  which 
would  otherwise  have  been  overpowered  by  the  action  of  lateral  light  upon  the 
retina.  If  we  turn  a picture  upside  down,  and  look  at  it  with  the  head  inverted, 
a similar  effect  is  produced,  because  the  image  is  received  upon  a part  of  the  retina 
which  is  not  so  frequently  used  ; and  it  is  for  the  same  reason  that  the  colours  of 
the  sky  and  of  the  landscape  near  the  horizon  are  so  beautifully  seen  by  looking  at 
them  either  between  the  legs,  or  beneath  the  arm  with  the  head  inverted. 

It  is  well  known  that  the  human  complexion  is  seen  to  greater  advantage  in 
candle,  than  in  day-light,  unless  the  complexions  are  very  ruddy.  This  arises  from 
there  being  so  much  more  red  in  candle,  than  in  day-light.  There  are  certain  states 
indeed  of  the  atmosphere,  when  dark-blue  clouds  prevail,  in  which  the  ordinary 
complexion  appears  to  great  disadvantage ; and  persons  in  variable  health  are  often 
described  as  looking  ill,  when  the  change  arises  from  the  prevailing  colour  of  the 
clouds. 

When  gas-lights  were  first  introduced,  it  was  a common  copiplaint  among  those 
who  frequented  the  theatre  that  they  injured  the  personal  appearance  of  the  audi- 
ence. This  bad  quality  made  them  so  unpopular,  that  a red  colour  was  commu- 
nicated to  the  light  by  inclosing  it  in  a reddish  coloured  glass.  The  effect,  however, 
arose  from  the  great  quantity  of  light  which  was  used,  and  from  its  influence  upon 
the  retina  ; and  if  the  same  intensity  of  light  had  been  obtained  either  from  oil  or 
from  candles,  the  same  effect  would  have  been  produced.  Our  eyes  are  now  so 
much  accustomed  to  the  use  of  strong  lights  that  the  retina  is  not  so  easily  reudered 
insensible  to  the  red  rays,  and  the  blue  colour  of  the  light  is  no  longer  complained 
of.  It  is,  however,  still  observed,  by  those  who  have  been  for  the  first  time  exposed 
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to  gas  illumination,  and  the  eyes  of  such  persons  must  therefore  serve  an  appren- 
ticeship before  they  learn  to  see  objects  in  their  true  colours. 

The  blue  colour  of  gas-light  was  ascribed  to  the  badness  of  the  gas ; and  the 
apparent  removal  of  this  injurious  quality  has  been  attributed  to  its  increased  purity 
and  to  improved  methods  of  burning  it : but  the  truth  is,  that  bad  gas,  or  an 
imperfect  combustion  of  good  gas,  produces  a much  redder  light  than  good  gas 
burnt  in  the  best  manner.  The  smoke  which  is  produced  in  the  former  cases 
invariably  reddens  the  flame,  and  its  perfect  removal  causes  the  gas  to  approximate 
to  the  light  of  the  sun,  which  is  always  bluer  than  that  of  the  whitest  flames  from 
wax,  oil,  or  tallow. 

There  is  a very  pretty  experiment  illustrative  of  some  of  the  preceding  observa- 
tions, which  is  easily  made.  Place  two  candles  at  the  distance  of  two  or  three  feet 
from  the  eye,  and  about  one  foot  from  each  other,  and  having  closed  one  eye,  fix  the 
other  intently  upon  either  of  the  candles,  as  if  it  were  examining  with  attention 
some  point  of  the  wick.  The  other  candle  will  be  seen  by  indirect  vision,  and  after 
a little  time,  it  becomes  much  brighter  and  bluer  than  the  first,  in  consequence  of 
the  part  of  the  retina  on  which  its  light  falls  being  more  susceptible  than  the  more 
frequently  used  portion  in  the  axis  of  the  eye,  upon  which  the  light  of  the  second 
is  incident.  The  higher  degree  of  excitation  of  the  retina,  produced  by  the  candle 
seen  indirectly,  renders  that  portion  of  the  membrane  less  sensible  to  the  red  rays  ; 
and  if  the  excitation  is  continued,  the  image  will  become  actually  blue,  and  will  be 
surrounded  with  a halo  of  yellow  nebulous  light.  The  blue  image,  indeed,  will 
sometimes  disappear,  and  leave  nothing  in  its  place  but  a nebulous  hole. — Phil. 
Mag.  March,  1833. 

3. — Substances  contained  in  Opium 

M.  Pelletier  in  an  elaborate  memoir  on  opium  printed  in  th e.  Annates  de  Chimie, 
mentions  the  following  principles  as  contained  in  opium  ; viz.  narcotine,  mor- 
phia, meconic  acid,  meconine,  narceine,  caoutchouc,  gum,  bassorine,  lignine,  resin, 
brown  acid,  and  extractive  matter,  fixed  oil,  and  a volatile,  but  non-oleaginous  prin- 
ciple, which  rises  in  distillation  with  water. 

Added  to  these  substances,  M.  Beter  announces  (Journal  de  Pliarmacie,  April, 
1832),  another  peculiar  principle  ; it  is  bitter,  crystallizable,  forms  salt  with  acids, 
especially  with  acetic  acid,  with  which  it  gives  crystals  in  the  form  of  very  white 
scales,  and  with  sulphuric  acid,  white  silky  crystals  ; no  name  is  given  to  this  sub- 
stance by  its  discoverer. 

M.  Robiquet,  it  also  appears,  has  separated  a new  alkali  from  opium,  which  he 
calls  paverin.  Only  a few  details  of  its  properties  are  yet  given  (Journal  de  Pharrn. 
Nov.  1832).  It  ditfers  very  remarkably  from  other  vegeto-alkalies  in  being  soluble 
in  water  ; saturates  acids,  is  insoluble  in  potash,  and  contains  much  azote  ; it 
is  very  poisonous,  and  acts  very  particularly  on  the  spinal  marrow. — Phil.  Mag. 

4. — Death  of  Captain  J.  D.  Herbert. 

It  is  with  feelings  of  sincere  grief  that  we  record  the  loss  of  our  most  worthy 
friend  and  late  coadjutor,  Captain  J.  D.  Herbert,  at  Lukhnow  on  the  24th  instant. 
He  had  been  for  some  time  suffering  under  the  effects  of  the  climate  : a sudden 
determination  of  blood  to  the  head  was  the  immediate  cause  of  the  fatal  event. 


Meteorological  Register,  kept  at  the  Assay  Office,  Calcutta,  for  the  mouth  of  September,  1833. 


496 


Meteorological  Register.  [Sept.  1833. 


Weather. 

•SaiuaAa 

•doom 

•Sunuojv 

cumuli,  cistr.  rn.  close, 

settled  rain  all  day. 

st rat.  overcast,  cum.  nimb. 

do  rain.  cumuli, 

rain.  cumuli,  quite  clear, 

clear.  fair.  clear, 

stratus.  do  do 

cumuh.  stratus.  do 

clear.  fine.  do 

do  do  do  i 

do  do  do  li- 
do clear.  do  ; 

do  do  do 

do  do  rain  th.  1. 

do  do  hazy, 

dark.  do  clear, 

nimbi.  do  do 

clear.  do  do 

do  do  do 

do  cumuli,  bank  s.  w . 

do  fair  1.  threatening, 

do  rain.  th.  haze, 

nimbus,  cum.rn.th.  threatening, 
dark,  overcast,  cir.  above-fixed. 

do  do  cirri, 

cumulus.  rain.  cir.  cum. 

clear.  clear.  very  clear, 

do  do  cirri, 

do  cum.th.m.  clear, 

nimbi,  cum.  strat.  do. 

1 Squally  much  thunder, 

mds  ,044  lower  than  the  Survey- 

Wind. 

•SuiuaAa 

•uoon 

•Sonuoiv 

w “ c/jcficdco 

-j  . • ^ i -t  ^ a|  . • . i 

c/2  C n . 0>  W , aico  w ^ . c/2  C/2  .03  . • CU  • . I#3  W W . 

w «3  b5«o  u>w  fjC  S n fi 

O O oi  . 1o4»5i*1,«(««MXli,^“,«c66cWU  .KCd  . . . 
“ ” CO  = “ c a 

| S.  and  E. 

used  at  those  hours  sti 

Rain. 

•saqouj 

0,37 

1,40 

0,60 

1,20 

0,20 

0,08 

0,20 

0,82 

0,48 

0,10 

0,60 

1,22 

0,02 

2 S 
. 0* 

» 1 

Hair  Hygro- 
meter. 

•w  *d  jv 

so  co  to  ©if>.s©  i©  r>*o  *>»co  ©5  *>5  «©  "p 

cscsoscsoioiCSGjOiOsciCicooiXOscooooscocDOsoiOsOixeococaoi 

h 

e« 

8 « 
0> 
Si 

•wvonv 

in  © *0  t^ce  co*©tf5e©«»©-rs©c*5»©»r>i©«(N'N— <c©t«c©cog5»©c»5»©r> 

050iC50i0SCi0iO0J0i0J05©iCS0S0}0J0S0S©saiOT©3  05  0;0J0S0i050J 

■*■» 

0 >» 
ffi  2 

Depression  of  moist-bulb 
Thermometer. 

•re  -dfonv 

® °!! H.  ®.  c.  n.  ^ ,,a.  ^ c. 

eococ4c©©4coc©©r^eo^-<*^coc©e©©4-<*cocoo©4©4©f^©4c©c',jcioco 

a| 

j 

•w  *a  f iv 

0 in.»©  «»©  1^.1^.  co  1^.0  in  »©  e*  ©q  ^©0  x c©  in  ©j  co  e©  0 co  c©ts.o  to  e© 
c©  c©  c©  e©  c©  »rT  0 »o  so  r^so  »q  »e  cT  so  » 00  ^ e©  c©  ccTco  ^ 

»o  -*-* 

•I«  -VOI W 

O 00  Tf  ©4  •**  ©4  ©4  O ©4  0 0 C©  O CO  »©  O O •**  ©4  «©  C©  ©4  t>.  X »©  C©  M5  SO 

■^c©  c©  e©  e©  c©r*  rfiSin-^inin»n^f-srininininto^r^f^rcnn^fin^fcn 

t .Si! 

„ CSV 

si 

•re  -vf,  jv 

*r  ©4  c:  e©  woNN’f  r^c©  ©4  tp  © co  »©  »©  c©  c <NO^*qP5© 

(N©4e©^^«-^-^C^(N(>r©4^‘rr(NC>4©4©r©4C©(N©r©r—  ©I©4-T~«  ©4  C© 

® © a> 

©4 

£3 

Thermometer  in  the  Air. 

•w  *d  01 IV 

coTfcojo«N*(N'NN:c  otonjiNO'fnonocncfi-o 
x ©4  ©4  e ©4  ■-*  ©4  e©  c©  »o  ©4  e©  e©  ^©f  ©""o' ©4  ^©T c©  -r  :© 

ccccaoxcocococococococccci-'.cocooococococococococccoaocococo 

82,6  1 
nded  in 
be  give 

•K  *d  fr  IV 

w^»oo»o 0 »© ^ <n»o r^o ©4  ** © oji>. 

cc?c«oI«M(N©i-<MiOin©if}*rtQ*o‘pC© 

coKxawwoxxftcaaoiaffiaGxoioiccxSSacooss 

« S<3 
§ ll 

uaq,L  'S3H 
Xq  -XEK 

[ C.Ci®5l®  W04GCCO>0  01h» 

ISS2££|5£!^E?;a?^c'^c'4c'3l^'"*c,3~*t'3‘©'©4C©©Ol©C0C'C©©t© 

| C.MBGMffiGGGXGGGGOiffiC'.C  OXCGGaWSGc  J# 

« *2  4» 

«1s 
® s| 

•re -voi  IV 

gs  § s§  s SSSSSSfeii  S5&&J5S  S§  &s  S 3 3 S 8 8 3 

w.  cCsa 

•w  *v 
uinuiiUT[M 

C'i  ^ ''t  ®i  ® ® © ©i  © ©4  <N  CO  ©4  e©  e©  ~ © -*  CO  O SO  ©4  o m © ©4  -4t  »o 
2;r2?©©©©©0.-?©4©4~*  c©  ^c©  e©  ©J  ©?  ^4“  c©  ©T^'s*!© 

»XXNNO»NX®»fflX®XXOX»»8»C8®N?;iMS3 

- c5 

^ Cfl  0 

5 ££ 

Barometer  reduced 
to  32°  Farh. 

•re  -dfonv 

KSS323wS.gg5SP:2«®SS§&S22iSS'=gS9)S 

"■  < m 

©4  O 

O t*3 
so  ^ 

•w  *d  f JV 

?151sSsg|l§IIII!SIIiHSlsg|lil 

as  £-2 
O M U 

'Vt'v  oi  IV 

li^|811||gg|giSsg||gg8g|8g5§gi 

S J5 

S 1 “ 
•-  25 

•re-v  ft.  jv 

«l\lllllll|E|spI||gS&8lll5s§| 

X E ■“ 

•qjuoui 
aqi  jo  Abq 

- <n  n -r  « <e  >-  co  os  o - <m  n -r  *o  cc  05  os  0 - u»  n ^ « to  co  a,  n 
,“"”,'-<f",C'IO*©4©l©l©l©4©4©4©4p5 

1 Mean  £ 
T 

■or  Gent 

